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ADVERTISEMENT. 


The Committee appointed l>y tlio Royal Society to direct the publication of the 
Philosophical Transactions take this opportunity to acquaint the public that it fully 
appears, as well from the Council-books and Journals of the Society as from repeated 
declarations which have been made in several former Transactions , that the printing of 
them was always, from time to time, the single act of the respective Secretaries till 
the Forty-seventh Volume ; the Society, as a Body, never interesting themselves any 
further in their publication than by occasionally recommending the revival of them to 
some of their Secretaries, when, from the particular circumstances of their affairs, the 
Transactions bad happened for any length of time to bo intermitted. And this seems 
principally to have been done with a view to satisfy the public that their usual 
mootings wore then continued, for the improvement of knowledge and benefit of 
mankind : the groat ends of their first institution by the lioyal Charters, mid which 
they have ever sinco steadily, pursued. 

But the Society being of late years greatly enlarged, and their communications more 
numerous, it was thought advisable that a Committee of their members should be 
appointed to reconsider the papers read before them, and select out of them such as 
they should judge most proper for publication in the future Transactions ; which was 
accordingly done upon the 26th of March, 17 52, And the grounds of their choice are, 
and will continue to be, the importance and singularity of the subjects, or the 
advantageous manner of treating them ; without pretending to answer for the 
certainty of the facts, or propriety of the reasonings contained in the several papers 
so published, which must still rest on the credit or judgment of their respective 
authors. 

It is likewise necessary on this occasion to remark, that it is an established rule of 
the Society, to which they will always adhere, never to give their opinion, as a Body, 
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upon any subject, either of Nature or Art, that comes boforo Litem. And therefore the 
thanks, which are frequently proposed from tho Chair, to be given to the authors of 
such papers as are read at their accustomed meetings, or to the persons through whoso 
hands they received them, are to be considered in no other light than as a matter of 
civility, in return for the respect shown to the Society by those communications. The 
like also is to be said with regard to the several projects, inventions, and curiosities of 
various kinds, which are often exhibited to the Society ; the authors whereof, or those 
who exhibit them, frequently take the liberty to report, and even to certify in tho 
public newspapers, that they have met with tho highest applause and approbation. 
And therefore it is hoped that no regard will hereafter be paid to such reports and 
public notices; which in some instances have been too lightly credited, to tho 
dishonour of the Society. 
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List of Institupions entitled to itEOicrviu tiie Phtlosoviiioal Transactions or 
Proceedings ok the Koval Sodtetv. 


I utimiH murk in I a urt! eulUloil (o receive Philosophical Tnumnotions, Meries A, ami Proceedings. 

„ „ it „ ., „ „ Series H, and Proceedings. 

.. . au .. .. Meries A and B, and Proceedings. 

„ Proceedings only, 


America (Central). 

Mexico. 

p, Wociedad Gieutilicn “Antonio Alnate.” 
America (North,), (See Unitkd Status and Canada.) 
America (South). 

Buonow Ay run, 

Ait. Museo Ntuuouul. 

Caracas. 

it. University Library. 

Oort leva, 

ad. Academia Nmiional de Cioncias. 

Demrrara. 

p. Royal Af4t*ii!ti U-nml ami Commercial 
Society, itritmli (luiiimt. 

La IMaitt. 

H. Mimeo de Lu Plain. 

Rio dt* .Iiuioiro, 

‘ji, Obmrvatorio. 

Australia. 

Adelaide. 

p, Royal Society of South Australia. 
Brisbane, 

p. Royal Society of Queensland. 

Melbourne. 
p. Observatory. 
p. Royal Boeioty of Victoria. 

A». University Library. 

Sydney, 

p, Australian Museum. 

p. Geological Survey. 

p. Linnoan Society of Now South Wales. 
ah. Royal Society of Now South Wales. 
ab. University Library. 

Austria. 

Agrivrn, 

p, Jugoslaveusha Akadomija Znanosti i lJm- 
jetuosti. 

p, Sociotas ilislorico-Natumlis Croatiea. 


Austria (continued). 

Briiun. 

aii. Naturforscliondei’ Yerein. 

Gratis. 

All. Naturwissouschaftliohor Yorein fiir Stoier- 
iimrk. 

Hermanusiadt. 

p. Siobonburgisehei* Veroiu fiir die Natnr- 
wiasonHohaEten. 

Innsbruck. 

An. Da8 Fordinandoum. 
p. NaturwisHonscliaftlicli - Medicinischor 
Vo rein. 

Klausonburg. 

aii. A’/ Rrdclyi Mussonm. L)os Siobouburgischo 
Museum. 

Prague. 

ah. Koniglieho Bblrmiuoho Gcsollschaft dor 
W issenschaf ton. 

Trieste. 

11 . Musoo di Storia Naturalo. 
p. Sociota Adriatica di Scionzo Natarali. 
Vioima. 

p. Aufchropologische Gosellsohaffc. 
ah. Kaisorlicho Akadomie dor Wissonschafton. 
p. K.K. Goographisqho Gesellschaft, 
aii. K.K. Goologisoho Reiohsansfcalt. 
u, K.IC. Naturlnstorisehoa Hof-Museum. 
it. K,K, Zoologisch-BotaniscUo Gesellschaft. 
p. CKsteiToicliisoho Gesellschaft fiir Meteoro- 
logie. 

A. Yon Kufber’scho Sterawarte. 

Belgium. 

Brussels. 

u. Academic Royale de M4deoine. 
ab. Acad&mie. Royale des Soiencos. 
u. Musoo Royal d’Histoire Naturolle de 
Bolgique. 

p, Obsorvatoirc Royal. 



Belgium (continued). 

Brussels (continued). 

p. Sociotc Malacologiquo do Belgique. 

Ghent. 

An. University, 
range. 

aii. Socidio ties Sciences. 
p. Societe G6ologiquo do Belgique. 

Ijouvain. 

n. Laboratoiro do Microscopic) et clc Biologic 
Oollulaire 
An. Univorsito. 

Canada. 

Hamilton. 

p. Hamilton Association. 

Montreal. 

ab, McGill University. 
p. Natural History Society. 

Ottawa. 

au. Geological Survoy of Canada. 
ah. Royal Society of Canada. 

Toronto. 

p. Astronomical and Physical Society. 
p. Canadian Institute. 
aii. Univei’Hity. 

Capo of Good Hope. 

A. Observatory. 

ah. South African Library. 

Ceylon. 

Colombo. 

H. Museum. 

China. 

Shanghai. 

p. China Branch of the Royal Asiatic Society. 
Denmark. 

Copenhagen. 

ab. Kongoligo Dansko Vidonskabernes Selskab. 
Egypt. 

Alexandria. 

AJ), Biblioth&quo Municipal©. 

England and Wales. 

Aberystwith. 

ab. University College. 

Bangor. 

ab. University College of North Wales. 
Birmingham. 

ab. Free Central Library. 
ab. Mason College. 
p, Philosophical Society. 

Bolton, 

p, Public Library. 

Bristol. 

p. Merchant Venturers’ School. 
ab. University College. 


England and Walos (continued). 

(■nmbridge, 

Alt. Philosophical Society, 

■/>. Union Society. 

(Simper’s Ilill. 

aii. Royal Indian Engineering College. 

Dudley. 

p. Dudley and Midland Geological ami 
Scientific Society. 

Essex. 

p. Essex Field Club. 

Greenwich. 

a. Royal Olmervatory. 

Kuw. 

h. Royal Gardens. 

Leeds, 

p, Philosophical Society. 
ah. Yorkshire College. 

Liverpool. 

ah. Free Public Library. 
p, Literary and PUilusophioul Society, 
a. Observatory. 
aii. University College. 

London. 
ah. Admiralty. 

p. Anthropological luHtiitute. 
ah. British Museum (Nat. Hist-.). 
ah. Chemical Society. 
a. City and Guilds of London I anti into. 
p. “ Electrician,” Editor of the. 

Ii. Entomological Society. 
ah. Geological Soeioiy. 

Alt. Goological Survey of Groat Britain. 
p. Geologists’ Association. 
ah. Guildhall Library. 
a. Institution of Civil Engineers. 

p. Institution of Electrical Engineers. 

a. Institution of Mechanical Engineers. 

a, Institution of Naval Architects, 

p. Iron and Stool Institute. 
ah, King’s College. 

B. Linnoan Society. 
ah. London Institution. 
p. London Library. 

a. Mathematical Society, 
p. Meteorological Office. 
p. Odontological Society, 
p. Pharmaceutical Sooioty. 
p. Physical Sooioty. 

p. Quokett Microscopical Club. 
p. Royal Agricultural Society. 
p, Royal Asiatic Society. 

A. Royal Astronomical Society. 

b. Royal College of Physicians. 
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England and Wales (continued). 

London (continued). 
h. Royal College of Surgeons. 

2>~ Royal EnginoorB (fov Libraries abroad, six 
copies). 

ah. Royal Engineers. Hoad Quarters Library. 
p. Royal Geographical Sociot.y. 

}>. Royal Horticultural Society. 
p. Royal Institute of British Architects. 
ab. Royal Institution of Great Britain, 
n. Royal Medical and Ohirurgical Society. 
p. Royal Meteorological Society. 
p. Royal Microscopical Society. 
p. Royal Statistical Society. 
ad. Royal United Service Institution. 
aii. Society of ArtR. 
p. Society of Biblical Archwology. 
p. Society of Chemical Industry (London 
Section). 

p. Standard Woights and Measures Depart¬ 
ment. 

ah. The Qnoon’s Library. 
ad. The War Office. 
ad. University College. 
p. Victoria Institute, 
n. Zoological Society. 

Manchester, 
ah, Freo Library. 

ah. Literary and Philosophical Society. 
p. Geological Society. 
ah. Owens College. 

Notloy. 

p. Royal Victoria Hospital. 

Newcastle. 
ad. Free Library. 

p. North of England Institute of Mining and 
Mechanical Engineers. 

p. Society of Chemical Industry (Newcastle 
Soction). 

Norwich. 

p. Norfolk and Norwich Literary Institution. 
Nottingham, 

ad. Freo Public Library. 

0 xford. 

p. Ashmolean Society. 
ab. RadclifEe Library. 

A. Radeliffe Observatory. 

Penzance. 

p. Geological Society of Cornwall. 

Plymouth. 

b. Marine Biological Association, 
jo, Plymouth Institution. 

Richmond. 

x. “ Kcw ” Observatory. 


] 

England and Wales (continned). 

Salford. 

p. Royal Museum and Library, 

Stonylvurst. 

p. The College. 

Swansea. 

ab. Royal Institution. 

Woolwich. 

AB. Royal Artillery Library. 

Finland. 

Helsingfors. 

p. Societas pro Fauna ot Flora Fennicn. 
ab. Societe des Sciences. 

France. 

Bordoaux. 

p. Academie des Sciences. 
p. Faculto des Sciences. 
p. Societe de Mddecine ot do Chirnrgio. 
p. Societe des Scienoes Physiques et 
Naturelles. 

Cherbourg. 

p. Societe des Soieuces Naturelles. 

Dijon. 

p. Academie des Soiences. 

Lillo. 

p. Faculte des ScioucoB. 

Lyonp. 

ab. Academie dos Sciences, Belles-Lettres et Arts. 
aii. University. 

Marsoilles. 

p. Faculty des Scienoes. 

Montpellier. 

ad. Academie des Scienoos ot Lettres. 

B. Faculty de M6decine. 

Paris. 

aii, Academie des Scienoes de l’Institut. 
p, Association Frangaise pour rAvancement 
dos Sciences. 

jp. Bureau des Longitudes. 
a. Bureau International des Poids et Mesures. 
p, Commission des Annales des Pouts ot 
Ohanss^es. 

p, Conservatoire des Arts et Metiers. 

p. Cosmos (M. l’Abb6 Valette). 

ab. Depdt de la Marine. 

ab. iScole des Mines. 

ab. Boole Normale Snperienre. 

ab. Ecole Polyteohnique, 

ab. Faculty des Sciences de la Sorbonne. 

ab, Jardin des Plantes. 

p t L’Fleotricien, 

a. L'Observatoire. 

p, Revue Scientifique (Mons. H. db Vabigny). 
p, Soditd de Biologie, 
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France (omit,in nod ). 

Pun’s (cnulinuod). 

Alt. Soniofo d'Kiiommigomenl pour riudustrio 
Nafctnuale. 

An. SooitHd do Geographic. 
p. Hooidtii tie Physiquo. 
it, Rnciete Kninmolngiqiu*. 

Alt, Sooicte Geologiquo, 

}i. Sooidf.n Mathomutiquo, 

l>. Snoiole Mofcniulngiquo do I'Yhihv, 

Timlimno. 

ah. Aondottuo tics SeioueoH. 

A. Kaeulti* (It's Soiotioos. 

Germany. 

Herim, 

a. DeidHcho CJlirmiHt’lio GosollNohiil’t. 
a. Die Niornwnrlo. 
p, (li'sollsoltui’t fiii 1 Hrdkundo, 

.ms. KrotigHoho Pirnssiwcho Akudoinio clt*f 
WisNtMisehufton. 
a, Pliysiknlistdiu (lonelliiohuff.. 

Hum*. 

ah. llmverKiinf, 

Dromon. 

jt. KttiitrwjWnHt'hitflliHit't* Ymviti. 

Breslau, 

)>, Weldon moho UctHolktliaff. fiit' V nf erlUndisrlio 

KttHm*. 

BrunMwUtk. 

p, Ymtitt ftii* Nairn* wisHouHclmfl. 

Carlnruho. Wtso Kurhtt'uhu. 

OhuvluMonhurg, 

A. PhyRilcaliRch-Teclmisclto Rukihsaustult. 
Danzig, 

AB. Naturfomslioudo GoHcllsdiafi). 

Dresden. 

p. Voroin fur Erdkundo. 

Kmdou. 

p, N’tilurfom'hondo Gesdllsahaft. 

Erlangen. 

AH. PliyHikaliHch-M'edioiniHclui HociehW. 
Frankfurt-am-M nin, 

AB. Senekenborgische Naturfomhondo Goscll- 
schaft. 

p, Zoologisclie Gasellschaffc. 
Frankfurt-am-Oder, 
p, Naturwissenschaftlichor Y orein . 

Freiburg-im-Breisgau. 

ab. TJnivorsitat. 

GieHflen. 

ab. GrosHliorzoglielto Umvorwitiit, 

GtJrlitz. 

jp, Naturforachcnde Gosellschaft 


Germany (emii.inm'd). 

GiH.lingon. 

Alt. KdnigliolioGosoIlsidiuil dorWisKeusoliaffoti, 

1 hi lit*. 

All. Ktiisorliolto Donpoldiuo - Gnrolinifloho 
Doidsolic Akadomio dor Ntihurforscbor. 
p. NuiiirwiRHoiisolmflliolior Voroin fill* Wnoh- 
son und TliUriugou, 

Ilninluirg. 

■jt, Nnlnrliisfoi’isehoN Museum. 
ah. Nidunn’Rsonst’ImfllkdHT Voroin. 
f loidolborg, 

p. N'liluHiishinsidi-Modi/.itiisolior Voroin. 

AH. UnivorHitiil. 
dona. 

ah. Modioitiiweli-Nul.iinviHsonsohuftliclioGosoll- 
.sclmfl. 

KurWttlio. 

a. Clrusslionoglioho Slormvnrte. 
p, Toohnisoho Huolisolmlc. 

Kiel. 

p, Nuiu rwisKunsitlui ill iolior Voroin hit* 
8t?liloH\vig-Dulsi.uiji, 

\. Wternwarle. 

AH. tTnivorsiliit. 

KfmigHltorg, 

Alt. Kmiiglieho Pliysikuliseli - OknttumiM'hts 
(ioHtdlsdtafi. 

Leipsio. 

p, A million dor Physik und Cltomio. 

A. Awtrannmincite GoHollsoliat't. 

Aft, Kdniglieho SiioltMisolto Gasullseliaffc dor 
Wissimschafion. 

Magdolittrg. 

p, N atm* w isHonseh aftli chor Voroin. 

Marburg. 

An. Univorsititi. 

Munich. 

ah. Kmtigliolio Bayorisoho Akadomio dor 
WiRHunRohuflon. 
p. /adiHcliriffc fiir Biologio, 

Milnstor. 

Afl. Koniglioho Thoologifieho uud Philo- 
Bophisehe Akadomio. 

Potsdam. 

A. AstrophysikalisahoB Obsemtorium, 
Rostock. 

AB. Univorsitiit. 

Stawburg. 

AB. 'Umvorsitilt, 

Tubingen. 

AB. UnivorBitat. 

WUrzburg. 

ab. Pliysikalisoh-Modicmisohe Gosellschaft. 
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Greece. 

Athens. 

A. National Observatory, 

Holland. (See Netherlands.) 

Hungary, 

Pesth. 

p. Konigl. Ungarische Geologisohe Anstalt. 
ad. A Magyar Tudds Tarsasag. Die Ungarische 
Akadomie der Wissonsohaften. 
Schemnitz. 

p. K. Ungarischo Berg- und Forst-Akademie, 

India. 

Bombay. 

ab. Blphinstone College. 
p. Royal Asiatic Socioty (Bombay Branch). 
Calcutta. 

ab. Asiatic Society of Bengal. 
ab. Goological Mnsenm. 
p. Groat Trigonometrical Survey of India. 
ab. Indian Museum. 

p. The Meteorological Reporter to tho 
Government of India. 

Madras. 

n. Central Museum. 

A. Observatory. 

Roorkco. 

p. Roorkco College. 

Ireland. 

Armagh. 

A. Obsorvatory. 

Bolfast. 

ab. Queen’s College. 

Cork. 

p. Philosophical Society. 
ab. Queen’s Collego. 

Dublin. 

A. Observatory. 

ab. National Library of Ireland. 

n. Royal College of Surgeons in Ireland. 

ab. Royal Dublin Society. 

ab. Royal Irish Aoademy. 

Galway. 

ab. Queen’s College. 

Italy. 

Aoireale. 

p. Society Italiana dei Mioroscopisti. 

Bologna. 

ab. Aocademia delle Scienze dell’ Istituto. 
Catania. 

ab, Aocademia Gioenia di Scienze Naturali. 
Florence. 

p. Biblioteoa Nazionale Oentrale, 
ab. Mnseo Botanico. 
p. Reale Istituto di Studi Snperiori. 
MDOCOXOIV.—B. 


Italy (continued). 

Genoa. 

p. Societa Lignstica di Scienze NatnTali e 
Geografiche. 

Milan. 

ab. Reale Istituto Lombardo di Soienze, 
Lettere ed Arti. 

ab. Society Italiana di Scienze Naturali. 
Modena. 

p. Le Stazioni Sperimentali Agrarie Italiane. 
Naples. 

p. Societa di Naturalisti. 

ab. Society Roale, Aocademia delle Scienze. 

b. Stazione Zoologica (Dr. Dohrn). 

Padua. 

p. University. 

Palermo. 

A. Circolo Matematico. 
ab. Consiglio di Perfezionamento (Society di 
Scienze Naturali ed Economiche). 

A. Reale Osservatorio. 

Pisa. 

p. Nuovo Cimento. 

p. Society Tosoana di Soienze Naturali. 

Rome. 

p. Aocademia Pontificia do’ Nuovi Lincei. 
p. Rassegna delle Scienze Geologicho in Italia. 
A. Roalo Ufficio Contrale di Moteorologia e di 
Gcodinamica, Collegio Romano. 

AB. Reale Accademia doi Lincei. 
p. R. Comitato Geologico d’ Italia. 

A. Specula Yaticana. 

ab. Society Italiana delle Scienze. 

Siena. 

p. Reale Accademia dei Fisiocritici, 

Turin. 

p, Laboratorio di Fisiologia. 
ab. Roale Accademia delle Scienze. 

Venice. 

p, Ateneo Yeneto. 

ab. Reale Istituto Yeneto di Scienze, Lettere 
ed Arti. 

Japan. 

Toki6. 

ab. Imperial University, 
p. Asiatic Society of Japan. 

Java. 

Buitenzorg. 
p, Jardin Botanique. 

Luxembourg. 

Luxembourg. 

p. Soci6t6 des Soienoes Naturolles. 

Malta. 

p. Publio Library. 



Mauritius. 

p, Royal Noddy n( A lis and fleiomm 

Netherlands, 

Amsterdam. 

Alt, Knmnklijktt Akudcmiu van Wetensohappon. 
p, K. Znolngiseh Genootsdmp ‘Naturn Artis 
Magistral 

Uoirt. 

p, .fictile Polyiochnitpu*. 

Haarlem. 

Ait. Uollundsdio Mutitsohappij tier Wcton- 
Htihappcu. 
p, Muhi'o Taj lor. 

Leyden, 

Att. University, 

Rotterdam. 

An. Bataafach Gonoolseliap tier Proofondor- 
vindolijko Wijsbagoorto. 

Utrecht, 

ah. Provineiitnl Gonootseliap van Kunston on 
Wutmisdiappon. 

New Brunswick. 

St, John, 

p. Natural History Society. 

New Zealand. 

Wellington. 

ah. Now Zealand Institute, 

Norway, 

Bergen, 

ab, Borgensko Museum. 

Christiania. 

ab. Kongoligo Norsks Frodoriks Univorsitot. 
Tromsoo. 

p. Museum. 

Trondhjem. 

ab. Kongoligo Norske Yidenskabors Selskab. 

Nova Scotia, 

Halifax. 

p. Nova Scotian Institute of Science. 
Windsor. 

p. King’s College Library, 

Portugal, 

Coimbra. 

ab. Universidade. 

Lisbon. 

1 AB; Academia Real das Sciencias. 

p. Sac$8o dos Trabalhos Geologioos de Portugal. 
, Oporto. 

p, Annaes de Scienoiaa Naturae?. 

Russia. 

Dorpat, 

ab. University 


Russia (continued). 

Irkutsk. 

p. Nodeio Tinporinle Russo do Geographic 
(Suction do la Kiborie Orientals), 

Kazan. 

ah. Iraporatorsky Kazansky Univorsitet, 
KhnrkoiT. 

p. Suet ion M ddioalc do la Sodoto dos Sdeucos 
KxpbriinentaloH, TJmvorsitd do Kharkow. 

ICioiF. 

P> Sooidtd dos Naturalistos. 

Moscow. 

AH. Lo Mu see Public. 

b. flocidfcd Imporialo dos Niiturnlistos. 

Od ossa. 

p. SodtUe dos Naturalistos do la Nouvollo* 
Russia. 

Puikown. 

A. Nikolai Hanpt-Stormvarto. 

St. Petersburg. 

AB. A cad tunic Imporialo dos Soiimenfl. 
u. Archives dos Sdonoos Biologiquos. 

AH. Oomitd Geologiquo. 
p. Compass Observatory. 
a. Olmorvatoiro Physique Central, 

Sootland. 

Aberdeen. 

ah. University, 

Edinburgh. 

p. Geological Socioty, 

p. Royal College of Physicians (Rosoareb 
Laboratory), 

p. Royal Medical Socioty. 
a. Royal Obsorvatory. 
p. Royal Physical Socioty. 
p. Royal Scottish Society of Arts, 
ah. Royal Society. 

Glasgow. 

ah. Mitchell Freo Library. 
p. Philosophical Socioty, 

Servia, 

Belgrade. 

p. Academic Royalo de Sorbio. 

Sicily. (Sec Itat,y.) 

Spain. 

Cadiz. 

a. Institufco y Observatorio de Marina de San 
Fernando. 

Madrid. 

p. Comisidn del Mapa Geoldgico de Hap&na, 
ab. Real Acadbmia de Cienoias. 

Sweden. 

Gottenburg. 

ab, Kongl. Yetenskaps och Yitterhets SamMJlo, 
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Sweden (continued). 

Lund, 

ab. Universitot. 

Stockholm. 

A. Acta Mathomatica. 

ab. Kongliga Svonska V"etensknps-Akadcmie. 

Ab. Svcriges Geologiska Undersokniug. 

UpBala. 

An. Universitot. 

Switzerland. 

Basel. 

p. Nuiurforschende Gosollschaft. 

Bern. 

ab. Allg. Schweizoinsche Gosellschaft. 
p. Naturforsohonde Gosollschaft. 

Genova. 

ab. Sociot6 de Physique ot d’Histoiro Naturelle, 
ab. Institut National Genovois. 

Lausanne. 

p. Soci<St6 Yandoise des Sciences Naturelles. 
NeucMtel. 

p. Sooiete des Scioncos Naturelles. 

Zurich. 

AB. Das Schwoizerischo Polytochnikum. 
p. Naturforschondo Gosollschaft. 
p. Slomworto. 

Tasmania. 

Hobart. 

p. Royal Socioty of Tasmania. 

United States. 

Albany. 

ab. Now York Stato Library. 

Annapolis. 

ab. Naval Academy, 

Austin. 

p. Texas Academy of Sciences. 

Baltimore. 

ab. Johns Hopkins University. 

Berkeley. 

p. University of California. 

Boston. 

ab. American Academy of Scioncos. 

B. Boston Society of Natural History 

a. Technological Institute. 

Brooklyn. 

AB, Brooklyn Library. 

Cambridge. 

AB. Harvard University. 

b. Museum of Comparative Zoology. 

Chapel Hill (N.C.). 

p, Elisha Mitchell Scientific Society. 
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United States (continued). 

Charleston. 

p. Elliott Society of Science and Art of South 
Carolina. 

Chicago. 

ab. Academy of Scioncos. 
p. Journal of Comparative Neurology. 
Davenport (Iowa). 

p. Academy of Natural Sciences. 

Ithaca (N.Y.). 

p. Physical Review (Cornell University). 
Madison. 

p. Wisconsin Academy of Scioncos. 

Mount Hamilton (California). 

A. Lick Observatory. 

New Haven (Conn.). 

AB. American Journal of Science. 
ab. Connecticut Academy of Arts and Sciences. 
New York. 

p. American Geographical Society. 
p. American Museum of Natural History. 
p. New York Academy of Sciences. 
p. New York Medical Journal. 
p. School of Mines, Columbia College. 
Philadelphia. 

ab. Academy of Natural Sciences. 
ab. American Philosophical Society. 
p, Franklin Institute. 
p. Wagner Froo Institute of Science. 
Rochester (N.Y.), 
p. Academy of Science. 

St. Louis. 

p. Academy of Science. 

Salem (Mass.). 

p. American Association for the Advance¬ 
ment of Science. 
ab. Essex Institute. 

San Francisco. 

ab. California Academy of Sciences. 
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[Plates 1-4.] 

The scientific history of tho fungus disease of India dates from tho publication, in 
1874, of the collected papers of Vandyke Carter. This observer showed that the 
fungus foot was a "veritable parasitic disease, due to the growth and extension 
within tho tissues of the human foot of an indigenous mould.” He demonstrated the 
presence of the parasite in all specimens examined, and came to the conclusion that 
it was one species, the (Jhionyphe Carteri. 

In 1888 new observations were published in the collected papers of Lewis and 
Cunningham. They came to the conclusion that mycetoma was " essentially a dege¬ 
neration of the fatty tissues, independent of the local presence or influence of any 
parasites whatever*” 

In 1888 , Bassini* described a case of the black variety of the fungus in Italy (the 
first case in Europe), and by means of caustic potash concluded that the organism 
was a mycelial fungus, somewhat of the nature of the Aspergilli or Mucorim. 

Lastly, in 1892, Dr. KanthacicI' re-asserted the fungoid nature of the disease, and 
brought forward evidence to show the identity, or close affinity, of the organism with 
that of Actinomycosis. "We, on the other hand, will bring forward reasons for 
believing that there are at least two distinct fungi—one a very highly organised 
species, the other a very delicate and lowly organised type, presenting very many of 

# Barstni, ‘Bact. Oentrlb.,’ 1888. 
f ‘ Journal of Pathology and Bacteriology,’ No. 2. 
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the characters of Actinomyces. And we farther think that we will bo able to account 
for the apparent discrepancies in observation in the case of the previous writers. 

The Madura foot of India is a very chronic affection, lasting in Romo cases twenty- 
five years.* It is a purely local disease of the extremities, chiefly the foot, and 
generalisation lias not been observed. It usually occirrs in people who go barefoot 
and are working in fields. In most cases it has been traced to some injury. The big 
toe is often affected at first. The disease stops at the ankle for a short time, them it 
spreads up to the knee, and eventually may even reach the thigh. One of us has 
had the opportunity of seeing a recurrence in the scar after amputation; this, how¬ 
ever, must be very rare, and amputation affords complete relief—and is, indeed, 
one of the most successful operations in India. The foot, as the photograph 1 
shows, is greatly altered; it is enlarged, often many times the natural size. The 
overgrowth of the foot is irregular; the toes may become buried, as shown in the 
figure, and the surface become studded over with mammillated, or even villous, 
projections. A large number of the mammillated projections mark the presence of 
sinuses, which pass deeply into the foot; and on section (fig. 2) these may be seen to 
honeycomb it. From the opening of the sinuses a purulent or sanious discharge can 
be pressed out, and in this are found, in one series of cases, small particles of a light 
yellow colour, which have been compared to fish roe ; whilst, in the remaining eases, 
deep brown or black particles, resembling grains of gunpowder, may be soon. The 
disorganisation of the interior of the foot becomes very compioto in time j the bones 
undergo a rarefactive osteitis, and are ultimately absorbed; granulation tissue also 
invades the muscles and fat, and leads to their disappearance. Associated with the 
hypertrophy of the granulation tissue there may be considerable hyperplasia of the 
epithelium of the skin. This overgrowth gives rise to the mammillated and papil¬ 
lomatous projections previously referred to. 

The only difference which one at present finds, clinically and microscopically, in 
the numerous cases of Madura foot is the difference in the size and colour of the 
particles. Carter termed that form of the disease in which the black particles were 
present the “ melanoid” variety, while under the “ white” or “ oohroid” wore grouped 
those cases in which the fish roe-like bodies were found. It will bo understood that 
only those cases of Madura disease in which the particles can bo demonstrated macro- 
scopically or microscopically will be admitted as genuine. The disease appears to be 
confounded with scrofula and various forms of elephantiasis, in the production of 
which probably other parasites play an important part. In this paper we will confine 
ourselves chiefly to the elucidation of the fungus of the melanoid variety, and contrast 
it with that of the white. This is all the more necessary, because the older writers, 
from the time of Vandyke Carter, agreed that the black bodies did show some kind 
of vegetable structure, whilst the structure of the white appeared very obscure. Yet 
the most recent writer upon the subject, Dr. Kanthack, takes the opposite view, 
* Nossbbwangi F, Surveyor, "Madura Foot of India.” ‘ Brit. Med. Journ./ Sept., 1892, 
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and in the three melanoid specimens which he examined he “ found it difficult to 
convince himself of their vegetable nature.” 

On examining a diseased foot, the black particles will be found in abundance, both 
loose in the sinuses and packed closely in cavities in the tissue. A fresh section with, 
the razor may cut across a black mass firmly imbedded in the tissue, and the intimate 
relationship of both can then be readily seen with the naked eye. The particles vary 
very greatly in size, from a pin’s head, or even smaller, to the large mass three-quarters 
of an inch in diameter, depicted in fig. 3. In shape they are irregular, and a dendritic 
form can very often be seen. Fig. 3 has the mulberry form which is often described. 
On section, the appearance is somewhat radiate. Fig. 4 is a section through the large 
mass (fig. 3), slightly magnified (Obj. 35 mm., Zeiss). Fig. 5 passes through a minute 
particle in another specimen; it is more highly magnified (Obj. D, Zeiss), and the 
appearance is distinctly radiate, but this fine radiation is not the same as the coarse 
radiate grouping seen with the naked eye, and in the preceding figure. As regards 
colour, the naked eye examination shows that the particles are darkest at the peri¬ 
phery, becoming a lighter brown as the centre is approached. Examinations with 
the immersion, as in fig. 6, seem at first sight to throw very little light upon the 
nature of these curious black masses; a slight venation may be seen, as in fig. 6, or 
peculiar holes in a homogeneous matrix, as in figs. 5 and 6a. It was in these appa¬ 
rently structureless masses that we first demonstrated the existence of a well-formed, 
large-branching, and septate fungus. The method of procedure was as follows:— 
A black particle was boiled for from one minute to half an hour in concentrated 
caustic potash; the particle, which had undergone very little apparent change, was 
next transferred to distilled water, when all the black colouring matter rapidly diffused 
out, leaving behind a white soft mass. This, upon microscopic examination, proved 
to consist wholly of a fungus similar to that represented in figs. 7-0. A segment of 
the large black mass (fig. 3) was, after similar treatment with caustic potash and 
water, dehydrated and imbedded in collodion; sections subsequently revealed a similar 
fungus. Caustic potash, we found, had been used by other observers. Thus, Lewis 
and Cunningham direct that a crushed particle should be placed for a considerable 
time in a test-tube of strong caustic potash; a sediment collects at the bottom which 
equals the -g^th of the original hulk; upon microscopic examination, this proves to 
consist of hyphae not distinguishable from those of fungi. From an illustration of the 
hyphse given by the authors, it appears they are identical with those we find. They, 
however, look upon these elements as unimportant constituents of the black masses, 
which they think have an origin identical with the other pigmentary deposits in 
animal tissues. The fungus is to them a mere “ epiphenomenon” in the particle. 
In our method of treatment with boiling caustic potash and water, we in no way 
disturb the arrangement of the fungus, and we have succeeded in washing and 
mounting sections of particles as small as a pin's head. The method, however, has 
the disadvantage that it did not permit us to examine the decolourized fungus in situ 

B 2 
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mi i/m tissues, any trace of animal tissue being destroyed by tin*, concentrated caustic 
potasli, nor does it permit tlio use of collodion. Wo hud at this stage to content 
ourselves with the examination of the brown amorphous masses in the tissues, and of 
the decolourized particles after removal from them. 

Professor Oliver,'"' however, brought to our notice the use of Euu tie Jtwvlle as a 
clearing re-agent superior to caustic potash for vegetable structure. Its application in 
our case was most successful. If the black particles are dehydrated, embedded in 
collodion, and cut, and the sections are then steeped in the Eati tie Jtteelht for from 
two to five minutes, or until gas bubbles begin to appear in thorn, it will bo found that 
the fungus has been rendered beautifully transparent, whilst remains of the original 
animal tissue are still visible. In fact, within certain limits tins re-agont lias very 
little action upon the animal tissue, and thus at once permits the study of the clarified 
fungus in relation to its surroundings. It suffices for this purpose that a portion of 
the tissue containing the black masses should be thoroughly dehydrated in absolute 
alcohol, then transferred to ether, and subsequently to collodion. Tho collodion is 
allowed to concentrate, and the impregnated mass is hardened in methylated chloro¬ 
form, and cut. The sections are washed in the Eau tie Javelle until almost all the 
colour lias disappeared from the particles ; they are then rinsed in plenty of distilled 
water and stained with logwood or bmmatoxylin. No matter how old tho specimen, 
and we have examined the oldest in this country, tho results are always tho same. 

The following are the results obtained from an examination of seven specimens of 
the black variety, t 

Fig. 4 is a very slightly magnified section of the large mass, fig. ft, obtained from 
the specimen fig. 2 in University College M useum. It will be soon that it is composed 
of irregular black masses, which, more especially towards the periphery, have a some¬ 
what branched or radiate disposition. Fig. 6‘ is portion of one of the dark masses in 
the preceding figure, seen under the -fa immersion; it shows the indication of a branch¬ 
ing network, the branches for the most part running fan-like to the periphery ; thero 
is a peculiar oval body in the lower part of the section. Examination of the untreated 
sections showed the presence of very many of these oval bodies, but some ware more 
round and others more oval in section; during our early experiments with caustic potash 
their appearance greatly puzzled us. It had occurred to us that they might bo sections 
of vessels, but we could hardly realize how vessels could have become imbedded in 
the brown amorphous material. Professors Marshall Ward and Oliver likewise 

* We -wish to express our thanks both to Professor Oliver and Professor Marshall Waul for much 
friendly oriticism and advice during the course of this investigation. 

t We are greatly indebted to Mr. Oathcart for specimens from the Museum of tho College of Surgeons 
in Edinburgh ; to Mr, Targett, of the Royal College of Surgeons, London} to Dr. Willett, of St, Bartho¬ 
lomew’s; to Dr, Lawrence of the University College Museum; to Profossor Whioiit, of Notley, and Pro¬ 
fessor Coates, of Glasgow; to Dr. Bennett, of Trinity College, Dublin, and to Dr. Shaw, of Coy’s 
Hospital, and Dr. Massina, of Bombay. Soo end of papor for notes respecting fifteen other cohos 
examined since this paper was written. 
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stigirestwl ill at they might be vessels, and such we consequently found most of them 
to bo. Fig. 10 is a photomicrograph, taken with Obj. BB., Zeiss, of portion of the 
section fig. 4 which lias been troated with JEau de Jcwclle and stained for twenty-four 
liotirs in logwood, In it the lighter areas correspond to the slightly stained fungus, 
whilst the dark network indicates the remains of the animal tissue in which the fungus 
grow; the bodies conspicuous amongst the hyphal masses are for the most part vessels . 
When fig, 10 is examined with the immersion, the various vegetable and animal 
elements can be readily made out. Figs. 7 and 8, taken from decolourized unstained 
glycerine preparations, show that the hyphso are large, irregularly branched, and 
septate, and their appearance seems more suggestive of the higher sprouting fungi 
than of any other group with which we are acquainted. The grouping, size, and 
division of the filaments is, however, subject to considerable variation. The fungus 
Is most frequently met with in the tissue in the form of tufts , made up of hyphae 
which spread out somewhat fan-like; in a less number of cases the filaments in a tuft 
radiate regularly from the centre; in a third case (figs. 11 and 12) the periphery is 
made up of closely-set radiating hyphso, whilst the centre is occupied by an irregular 
large-celled pseudo-parenchyma. It was a specimen of this last form that we are 
inclined to believe Dr. Kanthack mistook for Actinomyces, and upon which he 
grounded the opinion of the Actinomycotic nature of the white and black varieties of 
Madura foot. The hyphae may be very slender, with few septa and branches, a con¬ 
dition which is mostly soon in what appear to be the rapidly growing forms. There 
may bo marked segmentation and branching, the segments may be very large and 
oval (fig. 8), and in some cases they give rise to a very striking pseudo-parenchyma. 
Tory often one segment is vory much larger than the others, and it may be terminal 
and then roscmble somewhat closely a very large spore capsule. In the radiate tufts 
the hypUoo usually taper towards the periphery. Many of the hyphae and large cell 
segments contain granular contents, in spite of the Eau de Javelle treatment. The 
walls of the hyphso vary very considerably in thickness; sometimes they are as thick 
as the lumen is wide, and they then cause the filaments in transverse sections to stand 
out pipe-like; the walls also of the large rounded segments are often irregularly and 
very greatly thickened; occasionally the walls of the terminal segments of a tuft are 
thickened, in a club-like manner, fig. 17 a. In one case of the disease the majority of 
the hyphae were comparatively delicate, fig. 9; in another very large and round or 
oval (fig. 8). The hyphse may be very closely packed together into a feltwork, or into 
a large-celled pseudo-parenchyma, in which the walls of the segments appear to have 
fused together. On the other hand, the filaments may be widely separated from one 
another, the intermediate substance being a finely granular ground-glass-like material. 
This latter substance possesses in the untreated specimens the beautiful golden brown 
colour which is very characteristic (fig. 6a), The filaments in the centre of the tufts 
may undergo necrosis. Apart from the colouring material which impregnates the 
intermediate substance and the walls of the hyphae, and which can be readily removed 
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by Eau de Javelle , there may exist a much more persistent brown pigmentation of 
the walls of the filaments (fig. 17 a). In no specimen have wo seen any indication ol 
the formation of sporangia or of spores. 

"With regard to the staining reactions of the fungus, we find that logwood, as in the 
case of the hyplial fungi, generally gives the best results ; we further find that the use 
of the Eau de Javelle increases the staining power of the logwood. The filaments 
often stain unequally; the terminal segments, as a rule, stain more deeply than the 
others. 

The Nature of the Tissue Changes produced by the Growth of the Fungus. 

The macroscopic appearances of the foot show that the parasite produces wide¬ 
spread hyperplasia as well as tissue destruction. When the relationship of the black 
particles to the surrounding tissue is more closely studied, it is seen, as previously 
stated, that the former lie either loosely grouped in the sinuses, or closely surrounded 
by tbe tissues and semi-encapsuled. The large body (fig. 3) was oncapsulud, hut 
could, nevertheless, be readily enucleated. The readiness with which this muss was 
removed, as well as its compact nature and appearance on section (fig. 4), led us at 
first to suppose that it would contain no traces of animal tissue; the clearing away of 
the yellow colouring material and prolonged staining, however, clearly demonstrated 
the remains of the tissue iu which the fungus grew. The network formed by this 
tissue is seen in fig. 10, as well as the skeletons of the vessels to which we have 
already called attention. Fig. 13 is portion of a trabecula of fig. 10, seen under the 
immersion, and it shows the branching hyphse dipping into granulation tissue. The 
drawing (fig. 19) shows the same thing as well as the gradual loss of distinctness of 
the small round cells; many of the trabeculoe are simply represented by tissue which 
has undergone coagulation necrosis, and in which, consequently, it is hard to demon¬ 
strate any cell elements. Fig. 5, the photograph, and fig. 6a, the drawing, of a 
' radiating tuft of the uncleared fungus, show the massing of small round cells in the 
immediate vicinity of the fungus, Both in the photograph and in the drawing, the 
, gradual passage of the infiltrated tissue into the homogeneous ground-glasa-liko and 
pigmented interstitial substance between the hyphue of the fungus is very striking, 
In all preparations of Madura disease, the round celled massing is vory obvious, but 
in some cases the progressive destruction of the infiltrated tissue by the fungus is 
much more obvious than in other cases. Thus, instead of tbe fungus being imme¬ 
diately, surrounded by small round cell elements, it may be embedded in a wide urea 
of necrotic tissue, in which stains show very little structure; cases like this appear to 
correspond to rapidly growing forms of the disease. As in the other chronic infective 
granulomata, so here, in addition to the small round cells, macrocytes and giant cells 
are abundant They are found in those cases where the fungus is making the least 
progress, or, in other words, in those cases in which the resistance of the tissue 
against the invading parasite is greater. Figs. 17, 21, and 22 show very striking 
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examples of phagocytosis; the phagocytes are similar to those which one of us found 
in enormous numbers in the case of Aspergillus niger* Still even more striking are 
the Inigo phagocytic giant cells which may very often be found surrounding the 
smaller masses of the fungus; this appearance is represented in the drawing (fig. 22). 

The hyphro may ramify in the tissues for a considerable distance away from the 
main mass; this is seen, for instance, in uncleared specimens, where the hyphse 
are represented by thick, solid, yellow trabeculae. Sometimes phagocytes, as in 
fig. 17, or a large giant cell, indicate the place where a few ramifying filaments 
may be found upon careful examination. The direction of the ramifications may be 
determined by that of the connective tissue, trabeculae, or vessels. We have already 
directed attention to the concentric vessel-like bodies scattered throughout the large 
nodule. Many of them enclose several hyphse, and, from what we have seen in other 
specimens, it appears that the liyphm penetrate the vessels, and ramify in them; 
they serve to guide the hyphse, and no doubt the same is also effected by the long- 
coursing connective tissue trabeculae. In the case of Aspergillar mycosis, previously 
alluded to, the penetration of a large vessel by the hyphse was very well marked. 
It thus appears that the vessels may assist the extension of the fungus to no incon¬ 
siderable degree. 

Nature and Significance of the Fungus. 

Carter, in Iuh description of the fungus of Madura disease, evidently describes, 
though with very little detail, a parasite similar to that which we have just described; 
but ho based his conclusions upon specimens which had only partially undergone 
metamorphosis, and in which, therefore, the liyphoo were clear. He concluded from 
these transition stages that the black masses, as well as the white bodies in the white 
variety, were of a similar fungoid character. None of our specimens show those 
transition stages, and, unless we had resorted to the clearing prooess, it would have 
been very difficult to demonstrate their fungoid character. It is most probable that 
the hyphse are originally clear, and that subsequently pigmentation and metamor¬ 
phosis occurs. Itecognizing the probable fungoid nature of the black masses, Carter 
looked upon them as corresponding to the sclerotia of the higher fungi. It must be 
remembered, however, that the hyphse ramifying throughout the tissues undergo this 
extraordinary metamorphosis; the process is not limited to a particular portion of 
the fungus, nor is it connected in any way whatever—at least, in so far as we have 
been able to judge by the examination of many hundreds of sections—with a process 
of fructification. As far as we have observed, the interstitial material between the 
hyphse is formed, to a slight extent, by the remains ‘of the animal tissue in the imme¬ 
diate vicinity of the hyphse, and the hyphse themselves become obscured by an opaque 
golden-brown pigment: it is not a question of the thickness and browning of the 

* R. Boyoe, “ On Aspergillar Prfeumono-Mycosis,’' ‘Journal of Pathology and Bacteriology,’ No. 2, 
1892. 
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walls oi* the hyphm, or of their forming a dense pseudo-parenchyma. Tho phenomenon 
appears to ns to ho an end or involution phase, rather than a transition phase. Wo 
are aware that, amongst the fungi, more than one sclerotioid process is described ; but 
whether anything analogous to the above occurs we are unable, from want of expe¬ 
rience, to state. It appears, however, to be a fact that parasitic sclerotia do occur, 
in which remains of the tissue of the plant host may be seen. Dk Baby' 5 ' mentions 
that Cord At points this out in the case of Pezim sclerotiorum , but we bave not 
been able to find where he makes the statement in his atlas. Pe Baiiy himself 
figures Sderotinia Fuckeliana , containing the cell dSbris of its vine-leaf host. In 
many respects the black masses behave like the sclerotia. Thus, if the sclerotium of 
of Claviceps purpurea is boiled for a short time in caustic potash, and then placed in 
water, there is the same streaming out of dark brown colouring matter. Both are 
readily cleared by Eau de Javelle. Nitric, hydrochloric, and sulphuric acids cause 
reddening of the black particles; the same effect is produced, not only upon the 
sclerotium of Claviceps, but also upon those of Nectria , Peziza sclerotiorum, and 
j Rhhomorpha. As none of these are, however, delicate reactions, wo lay no sticss 
upon them. The black particles are very resistant to strong reagents ; thus, as has 
been stated, they may be boiled in concentrated caustic potash for a considerable time, 
undergoing thereby only a slight change in colour. Sulphuric acid causes their 
disintegration, but they resist the action of nitric and hydrochloric acids for a con¬ 
siderable time; nitric acid produces some effervescence. Big, 24 shows a small piece 
of the section fig. 4 which has been treated with hydrochloric acid, and then with 
potassic ferrocyanide; there is a marked green coloration of the peripheral tufts. 
We presume the green is due to the combination of a Prussian blue reaction with tho 
natural brown-yellow colour of the fungus, and that it indicates the presence of iron. 
When the section is first cleared and then tested for the presence of iron, it is again 
observed that the peripheral tufts acquire a faint blue tinge, and, when a pot lion 
is highly magnified, numerous blue pigmented bodies, similar to those in fig. 25, arc 
seen; they correspond to small collections of brown pigment which arc nearly always 
to be met with in the disintegrating animal tissue surrounding the hyphen; tho iron 
in the colouring matter is probably for the most pari of vascular origin. Thus a micro- 
chemical examination of the dark masses furnishes good evidence of the presence of 
iron, and this exactly accords with the chemical analysis. Chemical analyses have 
been made both, by Bristowe and by Lewis and Cunningham, and havo revealed 
the presence of iron. Bristowe states that a small quantity of ash was left after 
combustion, and that it contained a little oxide of iron, but much less than a similar 
quantity of altered blood would have contained after combustion. According to 
Lewis and Cunningham, the ash is of a red colouf, owing to the presence of oxide 
of iron, and this fact points to an origin identical with the other pigmentary 

* Db Bart, * Comparative Morphology and Biology of the Fungi.’ Oxford, 1887, 

f Corda, 1 leones Fungoram,’ 
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deposits in animal tissues. Spectroscopic examination of the colouring matter of 
the brown masses does not any way favour a blood origin. We have ourselves 
incinerated thick pieces of the large black mass. The dried particles burn with a 
luminous flame. There is a smell of “ burnt feathers.” Heated on the platinum 
capsule, there is no sputtering whatever, and a residue is left white in the centre but 
brown at the periphery; the latter contains iron, giving the Prussian blue test, so 
that this peripheral distribution of the iron quite accords with the above micro¬ 
chemical observations.- The iron is probably derived from the tissues, and not from 
the fungus. Whether the yellow pigmentary substance is of a resinous nature, and 
similar to that produced by certain species of fungi, it would be difficult to say. The 
dried particle burns readily; it is only very slightly cleared by boiling in carbon 
bisulphide, benzole, xylol, chloroform, and ether, and the special oupric acetate test for 
resinous substances fails, there is also no reaction with ferrio chloride. 

It is clear that, in the “ sclerotioid ” phase of the fungus, we have to deal with a 
process taking place in the living tissues which appears to be quite unique, and all 
the evidence is in favour of the view that the yellow colouring matter is furnished by 
the fungus. 

One specimen of the black variety, from which figs. 11, 12, and 17 are made, 
shows unmistakeably that the tissue is offering considerable resistance to the 
invasion of the parasite, and that in consequence the latter is altered in appearance. 
The tufts are radiate, but, instead of the ends of the byplue being loosely arranged, 
they are grouped into a dense palisade, as seen in fig. 17a; some are thickened and 
club-like, and they are invested by either phagocytes, fig. 17, or giant cells, fig. 22. 
The interior of the tuft is occupied by an irregular large cell pseudo-parenchyma, 
which is slightly pigmented, and between this and the above-mentioned palisade, 
the hyphso much reduced in size form a deeply pigmented dense zone, figs. 12 and 
17a, This type is interesting to compare with those specimens in which both the 
tufts are very numerous, and the hyphen run in the one direction, whilst at the same 
time the destruction of the tissue is great. 

As regards the relationship of this fungus to Madura disease, we think that the 
anatomioal evidence brought forward shows that it is pathogenic. The fungus is 
scattered in large quantities throughout the tissues, and there appear around it 
areas of necrosis, of granulation tissue, of phagocytes and of phagocytic giant cells. 
The process spreads , and fresh areas of the foot, of the leg, or even of the thigh 
beoome invaded by the black particles. But it is very extraordinary that in our six 
specimens we have only met with one in which the peculiar pigmentary metamor¬ 
phosis was not marked. Owing to the rapid metamorphosis it seems to us that the 
cultivation of the fungus from the particles will be difficult. Two doubtful cases 
have been recorded by Carter, and the other by Lewis and Cunningham, of the 
occurrence of the black and white particles in the same specimen. We likewise 
possess in our college a specimen in which both black and white particles were 

MDOOOXOIY.—B. 0 
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found; but, whether owing to the bad preservation or not, wo have always failed in 
this specimen to demonstrate the tissue changes which could bo attributable to the 
growth of the fungus; there appears in this specimen no relationship between the 
black fungus and the tissue, and it is very possible that the black particles may have 
fallen into the cavities of the foot, from being placed in the same vessel along with 
specimens of the black. On the other hand, the presence in the same foot of two 
distinct parasites, or of one parasite succeeding the other, is far from being an 
impossibility. 

The case of Bassini, mentioned at the commencement of this paper, is interesting 
in connection with the pathogenicity of this disease. In this case the patient 
pricked his foot in an Ox stall. The wound healed, but a tumour gradually formed 
which broke upon the surface, and, between the seventh and eighth month after the 
injury, prevented walking. The tumour, which had reached the size of a pome¬ 
granate, was removed; it was found to be pervaded by dark brown or black particles 
varying in size from a pin's head to a hnzel nut, and there were numerous fistulte 
from which the black particles protruded. As previously mentioned, treatment with 
caustic potash revealed a septate mycelial fungus. Babkin i did not succeed in 
cultivating it. 

The White Variety of Madura Dimm> 

Of this variety we have examined sixteen cases, and wo luvvo found that in those 
specimens where the characteristic roe-like bodies are present the structure is 
uniform. The appearance of a section of a particle under the low power, is well soon 
in fig. 14. It is extremely characteristic, and it appears to us difficult to conceive 
liow it could have been confounded with the black variety. The particle- consists of 
an aggregation of deeply staining (< reniform * bodies and of a radiate external zone. 
In this section the particle is seen to be surrounded by granulation tissue, but it 
may be free in large numbers in the sinuses and be discharged with the pus as the 
fish-roe bodies. Usually about the size of a pin’s head they nmy yet be often found 
of the Bize of a pea; they are most frequently nodular upon the surface. They are 
soft and friable, and possess a very light brown or, as it is termed, M oohrokl tint," 
but they are never yellow, as in Actinomyces . 

A considerable number of the observers who have examined these bodies have failed 
to find any vegetable structure, whilst in tbe case of those who have recognised a 
fungus, the descriptions have, we venture to think, been rendered very misleading, 
owing to confusing the two varieties. 

The particles are, to a great extent, concretions of caseous and probably phosphatio 
materials upon a nucleus whioh possesses traces of a fungus. To examine the fungus 
it is, therefore, necessary to remove as much as possible the foreign materials. To do 
this we treat either the free particles or the sections of the particles in the tissue with 
the various fat solvents. Thus the particles are heated in absolute alcohol, ether, 
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carbon bisulphide, chloroform, xylol, or benzole, for from a few minutes to half an hour 
or longer. Particles treated in this manner are clearer and take up the logwood stain 
much more readily than untreated specimens ; yet, notwithstanding, their bulk cannot 
be said to be much diminished; a quite similar result may be observed in the case of 
caseous material. Definite acicular crystals are often met with after treatment with 
the above-mentioned fat solvents, so that they are probably not fatty. After these 
reagents we very frequently employ fuming hydrochloric acid ; this renders the out¬ 
lines of the fungus sharp, but there is only a slight solvent action. In contrast to 
the black variety, strong caustic potash, or Eau de Javelle , cannot be used, as those 
reagents soon cause the complete destruction of the particles. This shows that the 
vegetable structure cannot be very resisting. For embedding sections we always 
employ the paraffin ether method ; celloidin gives most misleading results, as may be 
readily seen by comparing side by side sections prepared in the two ways. 

The dark kidney-like masses seen in fig. Hare most probably fungoid. They stain 
very deeply with most aniline and logwood stains, but it is exceedingly difficult, 
notwithstanding, to make out a definite vegetable structure. They appear for the 
most part to be granular, the granules being small and very densely packed. We 
have seen, however, in two specimens, unmistakeable evidence of a very delicate 
branched hyphal network. One of these cases has been recently described by 
Dr. Hewlett,* and, from the appearance, lie concluded that it was a fungus similar 
to Actinomyces. The other case was one examined by Dr. Kanthack. We have 
ourselves examined an early and well preserved foot which was sent to us direct 
from Bombay. There are no particles visible to the naked eye, but the sections 
show great leucocytic massing, and the commencement of the formation of minute 
abscesses and sinuses. Here and there in the leucocytic centres, small granular 
reniform or annular masses maybe seen which stain only slightly with gentian violet; 
here, occasionally, however, very short and extremely delicate deeply stained filaments 
may be seen in the apparently granular masses but there is no radiation, nor are there 
clubs to suggest a relationship with Actinomyces, Fig. 15 shows an appearance also 
very commonly met with in the particles, namely, the formation of a deeply staining 
irregular fringe around the reniform bodies. Examined with the high power, the 
fringe may be seen to consist of stunted, rather thick hyphm; sometimes there is 
a very large number of the stunted projections, and double staining with Hoff¬ 
mann’s green and eosine may give very striking pictures, the fringe staining green, 
and the reniform masses a reddish-purple. The walls of these dwarfed club-like 
processes may he greatly thickened, and they closely resemble many of the clubs to 
be seen in the ray fungus. We have not in our specimens, however, succeeded in 
tracing the hyphal processes into the central granular masses. Exceptionally the 
clubs are long. A third characteristic of the white particle is the radiate zone which 

* Hewlett, ‘ Lancet,’ 1892. Dr. Hewlett Las very kindly shown ns his preparations and given ns 
material, and we agree with his description. 
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surrounds the reniform masses. The appearance of this radiation is extremely well 
shown in tho very distinct high power photo., fig, 1G. Exceedingly delicate straight 
brush-like processes radiate out for a considerable distance from tho central deeply 
staining mass, whilst between the radii are numerous compressed leucocytes. In 
a few cases tho slender radii are thicker and more club-like, in others they art*, 
represented by thick radiate refractive masses in which no structure can ho made out. 

Such then are the leading features which we believe can bo seen in tho roo-liko 
particles; some of them favour a relationship with Actinomyces^ but from others wo 
cannot in our present state of knowledge draw any conclusions. The deep radiation 
is a most remarkable phenomenon, and one which has greatly struck both Carter and 
Lewis and Cunningham ; these observers looked upon them as consisting mostly of 
fat crystals, and although we also think that fat crystals may greatly increase the 
radiate appearance, yet we have found the radiate xono, as in figs. 14 and 10, after 
prolonged subjection of the sections to the fat solvents mentioned above. Coupled 
with these curious facts we have found others equally hard to interpret. Thus, in 
addition to the opaque ochroid roe-like bodies, we have met with others, transparent 
and gelatinous, which, when pressed under a cover slip, exhibited a radiate structure¬ 
less and refractive peripheral zone; yet, from microchemical testing, we could draw 
no conclusions as to their nature. Similarly, when we read the records of Carter 
and Lewis and Cunningham, we find that they record cases in which tho specimens 
contained innumerable cayenne pepper-like granules. 

Comment upon these various anomalies would be out of place, and therefore, in 
spite of the fact that although we have examined comparatively a very large number 
of specimens, we think it would he rash to state that the white particles are always 
Actinomycotic, and may not in certain cases represent some other parasite. 

Conclusion, 

The object of this paper has been to show that in the Madura foot disease the white 
and black particles are of different nature, and to set forth the means whereby these 
differences can be displayed, 


Addendum. 

Since this paper was written we have had the opportunity of examining a very 
large number of specimens of Madura disease, including fifteen examples of the black 
variety. For these We have to thank Professors Greenfield, of Edinburgh, and 
Hamilton, of Aberdeen, and Dr. Bolleston, of St. George’s Hospital, but especially 
Brigade*Surgeon Lieutenant-Colonel Keith and Dr, Boooaro, of Hyderabad, Sind. 
,Dr. BogoApto sent to us the MS. of an analysis of one hundred cases of Madura disease 
treated in the Hyderabad Hospital, and portion of this was published in the * Lancet/ 



EXISTENCE OE MORE THAN ONE ETJNGHJS IN MADURA DISEASE. 


13 


September, 1893. The vast majority of these cases appear to belong to the black 
variety ; and, with one or two exceptions, the specimens sent to us from Hyderabad, 
Sind, belong to the black variety. This points to a local distribution for both the 
black and the white variety. We may add, also, that we find considerable differences 
between the gross anatomical changes met with in the black and white varieties 
respectively. Dr. Boccaro finds, in 17 of the 100 cases analysed by him, evidence 
of the pricks of an Acacia thorn (the ff Babul”); in many of these cases the thorn 
was found. He also records a case of mycetoma between the vertebral column and 
the scapula. Dr. Keith has kindly made for us very careful inquiries for the 
presence of Madura disease in cattle, and has been informed by the Veterinary 
Surgeon of its occurrence; in one case iu the foot of a Camel. Dr. Keith will, how¬ 
ever, not pronounce a decided opinion till he has had an opportunity of examining 
a specimen for himself. 

Drs. Keith and Boccaro have also inoculated several glycerine-agar tubes for us, 
but we have not succeeded in cultivating the black particles. We are, however, 
expecting more, and, one of us having left for India, we hope shortly to be able to 
transfer our test-tube experiments to the animal.—December 11th, 1893. 


Description of Plates. 

PLATE 1. 

Fig, ]. Specimen of the white variety, from the Museum of Guy’s Hospital. There 
is enormous overgrowth of the foot, and the toes are almost completely 
buried. 

Fig. 2. Section of a foot in University College Museum, of the black variety. There 
■ are extensive cavities which were filled with black masses. 

Fig. 3, A black nodule, natural size, from the preceding specimen. 

Fig. 4, A section through the preceding, magnified a few diameters. 

Fig. 5, Section of a small nodule of the fungus in situ in the tissue, in an early 
stage. In the fan-shaped semicircular patch a distinct radiation is 
observed; in two other patches, cut tangentially, the hollow lumina of 
the hyphse are seen. Zeiss, obj. D. 

Fig. 6, Portion of a small tuft in fig. 4. An indication of branching hyphen is seen. 
Zeiss, obj. y 1 *; no eyepiece. 

Fig. 7, Portion of same, after clearing, Zeiss, obj. ; no eyepiece, 

PLATE 2. 

Fig, 8. Another portion of same, after clearing, and equally magnified. At the peri¬ 
phery the ends of the hyphen tend to form a palisade. 
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Fig. 0. Clarified hyphse from another specimen, Zeiss, ohj. *. 

Fig. 10. Portion of fig. 4, clarified and stained with logwood. The lighter patches 
are occupied by the fungus. The darker stained portions represent 
granulation and vessels. Low power. 

Fig. 11. Fungal tufts from a case of the black variety in St. Bartholomew’s Hospital, 
Obj. 1 in. 

Fig. 12. The same, under the J in. obj. It shows the formation of a palisade at the 
periphery. 

Fig. 13. Portion of fig. 10, showing the termination of a few hyphto in the neurotic 
granulation tissue. 

PLATE 3. 

Fig, 6a. A coloured drawing of fig. 5, stained with logwood, a, h, particles, natural 
colour; c, granulation tissue. 

Fig. 17a. Portion of the periphery of fig. 12. a, internal hyphal network and 
pseudo-parenchyma j b> denser pigmented zone; c, the ends of the hyphie, 
forming the palisade and clubs. Obj. *. 

Fig. 19. Coloured sketch of another portion of fig. 13. 

Fig. 21. Examples of phagocytosis, from the specimen fig. 12. Obj. 

Fig. 22. A tuft from the same specimen, surrounded by giant cells. 

Fig. 24, A small portion of fig. 4, treated with HOI and potassic forrocyanide, The 
peripheral tufts give a greenish reaction. Slightly magnified. 

Fig, 25. Portion of same after clearing, and similar treatment. There are numerous 
collections of dark brown granules in the necrotic tissue, which give the 
Prussian-blue reaction. 


PLATE 4. 

Fig. 14. “White variety of Mycetoma. Section through a roe-like body in situ. 
Obj. 1 in, 

Fig. 15. Another specimen, in which the reniform bodies are not stained, as in the 
preceding specimen. The periphery only is stabled. Obj, 1 in. 

Fig. 16. Portion of the radiate zone in fig. 14. Note the compressed cells. Reiohaut, 
- * apochromat. + comp, ocular. 

Fig, 17. Examples of large phagocytes, adhering to hyphee in specimen fig. 12, 
Obj.*, 
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II* Megaladapis madagascariensis, an Extinct Gigantic Lemuroid from Mada¬ 
gascar ; with Remarks on the Associated Fauna , and on its Geological Age. 

By C. I. Forsyth Major. 

Communicated by Henry Woodward, LL.DF.R.S., V.P.G.S. 
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L Introduction. 

More than forty years ago, the scientific world was startled by the discovery made in 
Madagascar, and announced by Isidore Geoefroy Saint-Hilaire to the French 
Academy of Science,* of the eggs and bones of a gigantic bird, to which the name of 
Aepyomis maximus was assigned. 

Though these were not the first proofs of an extinct Yertebrate Fauna in that 
island,+ the discovery of eggs, said to have eight times the volume of those of Stmthio, 
was of a nature to excite a wider interest, and gave rise to many speculations. 


* Ibid, Gicoffroy Saint»Hila.ire, 4 Notice sur des ossements et des oeufs trouv 6 s k Madagascar dans 
(tea alluvions modornos et provemtnfc d’un oiseau gigantesque,” * Oomptes Rend. Acad. Sc.’ du 27 janv. 
1851, p. 101-107. Of. ‘Ann. dos Sc. Nat./ 3 s 6 rie, “ Zoologie,” vol. 14, Paris 1850, p. 206-218. 

t Boo ‘ Proo. of the Gool. Soo. of London/ vol. 3,1833, No. 31, p. 479. P. Gervais, in ‘Dictionn. des 
Bo, Nafcnr./ Supplement. 1841, p. 254 : “ L’Autruoho d’Afrique n’a donnA lieu A aucun travail nouveau 
que nous commissions. Nous throne soulomont, commc pouvant ee rapporter A un oiseau du groupe de 
06H anitnaux, quo nous avons vu, il y a plusieurs annees, dos debris d’oeufs qui parament avoir M &trre 
du volume do mux dee Antruches , ot que M. Gounox avait trouvAs dans I’ll© de Madagascar, mais sans 
avoir il leur suiofc des rensaignemeuts poRitifs,” 
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Since that time, occasional, though not numerous discoveries, to which I shall have 
incidentally to refer hereafter, have somewhat increased our knowledge of tho so-called 
sub-fossil Vertebrate Fauna of Madagascar. 

Recently, the British Museum acquired remains of Vertebrata, discovered in a fossil 
condition in various parts of the island. One of the most remarkable is a Mammalian 
skull of strange aspect, which forms the subject of the present communication, and 
for which the name of Megaladapis madagascariensis is proposed. 

I am indebted to Dr. Henry Woodward, Keeper of the Geological Department, 
British Museum (Natural History), for the permission to describe it. 

The specimen was sent from Madagascar by Mr. J. T. Last, a collector of the Hon. 
Walter Rothschild, and is said to have been found in a marsh at Amhoulisatva, on 
the south-west coast of Madagascar, together with scanty remains of several other 
Vertebrata, to be referred to hereafter. 

II. Description of the Skull. 

The base of the skull being wanting in almost the whole length of the floor of the 
brain-case, the exceedingly short and low brain-cavity is exhibited. The hullsa ossese 
are broken away, and the foremost facial portion is also wanting, so that nothing can 
be said about the anterior parts of the dentition, the canines and incisors. The right 
and left ramus of a mandibula, somewhat incomplete in their anterior and posterior 
portions, were found together with the cranium, and, apparently, belong to the same 
specimen. 

The length of the whole skull may he approximately calculated at 250 millims., and 
supposes an animal of from three to four times the size of a common Cat, 

By the worn condition of the teeth, the obliteration of most of the sutures of the 
very thick bones, .and the strongly developed crests, it is shown that the individual 
was much aged. 

One of the most striking features of this cranium consists in the enormous lateral 
development of the interorbital region of the frontals, so as to form a broad and 
elongate roof over the orbits, which protrude in a tubular form outwards and forwards, 
and are encircled by a complete bony ring, with thick rounded margins. Compared 
to the size of the skull, the diameter of the orbits is small, suggesting diurnal habits. 
Beneath the postorbital bar, the orbits open freely into the temporal fossa. 

The foramina lacrymalia are situated externally to the margin of the orbits. The 
laorymal bones, as far as can be ascertained, are of small dimensions. On account of 
the partial obliteration of their sutures, the limits of the nasals cannot be quite 
exactly determined; these bones are not flattened, but convex from side to side, and 
separated by a groove from tbe maxillaries; they extend backwards with attenuated 
dimensionsAs far as the middle of the orbits. The facial portion is elongate and the 
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The middle line of the frontals is feebly convex, forming an anterior continuation 
of the sagittal crest; from the convex middle line the frontals slope down gently on 
both sides, the roof of the orbits being again gently raised, so that the frontal region 
between these last and the middle line is somewhat depressed. Behind the orbits the 
frontals are much narrowed, and stretch backwards on the superior surface as well 
as laterally, the almost obliterated coronal suture being distant 31 millims. from the 
posterior margin of the orbits. Corresponding to the suture we find a very slight 
lateral constriction of the bone, behind which the parietals extend, with a breadth 
about equal to that of the frontals, and separated in the middle by a sagittal crest, 
which is less remarkable for its height than for its extraordinary thickness and flat¬ 
ness. Backwards from the orbits the crests divide into two portions, which continue 
anteriorly in a curved line, and come to an end on the roofs of the orbits. 

Behind the molar series the maxillaries stretch upwards and backwards to an 
unusually great extent, and in this region are greatly inflated by aerial sinuses, which 
extend forward in the facial region above the molar series, and communicate behind 
with the frontal. 

The occipital region is truncated, and divided by a median strong and sharp crest 
into two hollows. It is considerably narrowed, as is the whole of the skull, backwards 
from the orbits. The vertical direction of the occipital condyles, as well as the narrow 
but high foramen magnum, appears to be in connection with this lateral compression 
of the skull. 

The zygomatic arch is high and but moderately projecting outwards, thus contri¬ 
buting to the general narrowed appearance of the posterior portion of the skull. 

The cranio-facial angle is extremely obtuse, as in most lower Mammals; but whilst 
in these last the angle is open downwards, it would seem to be open upwards in 
Megaladcvpis, in consequence of both the facial and the cranial portion being some¬ 
what bent upwards, the first anteriorly, the second posteriorly. Corresponding with 
this upward bending of the facial portion, the palate is convex in an antero-posterior 
direction, the convexity looking downwards. 

Other characters of the cranium will be mentioned and discussed in the following 
paragraphs. 

Mandibula ,~~The symphysial suture is completely obliterated. The inferior out¬ 
line of the bone forms an almost straight line, with a slight downward bending 
anteriorly. The upper alveolar margin is far from parallel with the lower one; when 
this last is held horizontally it appears that the upper margin, and accordingly the 
series of the teeth, form an arched line, curving upwards anteriorly, This structure 
corresponds to a similar upward curving of the superior dental series, and is, of 
course, in relation with the upward bending of the facial portion. As a consequence, 
the anterior portion of the horizontal mandibular ramus is considerably higher than 
is the hinder (see measurements). The lower third of the horizontal ramus is 
attenuated, as compared to the upper two-thirds, there being a longitudinal groove on 

KboooxcJiy,— b. d 



18 


DR. 0. I. FORSYTE MAJOR ON MEGALADAPIS MAD A GA80 ARIENRIS, 


the inner inferior part of the bone, more deepened in the posterior moiety, more 
shallow anteriorly. 

The ascending ramus is considerably attenuated, and, as far as can be judged from 
the part preserved (the posterior and superior portion being broken), it was notably 
elongate antero-posteriorly. 

In the right mandibular ramus four teeth are preserved, via, the three molar and 
the posterior premolar ; anterior to this last, the alveolus of a second, double-rooted 
premolar is visible. 

The cusps of the inferior molars are obliquely disposed, the two outer ones alter¬ 
nating with the three inner ones, the anterior of which is very feebly developed* 
The two outer cusps are divided by a sulcus , which scarcely reaches the centre of the 
molar. The third molar is provided with a talon, consisting of a single strong cusp* 
An outer basal cingulum exists on the outer side of the three molars. The preraolar 
has a single outer cusp, from the anterior and posterior side of which depart two 
crescents, which terminate on the interior side in a moderately developed anterior and 
posterior cusp; while between them a central interior cusp, somewhat stronger, and 
almost completely coalesced with the single outer cusp, is seen, 

The superior mola/rs (three in number) are of a simple tritubercular type, there 
being two external and one internal ousp. This last is deeply divided from the 
postero-external ousp; but from its anterior side a crest extends towards the outer 
part of the antero-external cusp. The superior premolars were three in number, as 
far as can be judged; two are in place, and anteriorly to them the alveoli of a two- 
fanged tooth are visible on the right side. The two premolars have each ono outer 
and one inner cusp , r and, like the molar, an inner and two outer roots. Anterior to 
the alveoli is a diastema, which on the right side is preserved to the oxtent of 
10 millims .; further on the bone is broken, 

Measurements of the Teeth. 

From the posterior margin of w a sup, to the anterior margin of the alveolus of 
p v 74*5 millims. 

w 3 sup., greatest length, 17*8 millims, ,* greatest breadth, 14*6 milliuiH, 


sup. 

n 

17 

15-8 

m 1 Bup. 

JJ 

13-5 „ 

127 

Pi SUp. 

it 

10 

„ 97 

Vi ^p. 

» 

10-3 „ 

„ 8'5 


of the outer margins of the alveoli of « 8 sup.: 9*8 millims. 

, ■ ■ . i ■ , . 

¥4tAGMiNT of Bight Maxillary of a Second Specimen* 

u * v * > ’•* ** * " ' ' ' • * 

d tenfekk 1&’5 tmlUm& '■ . 

u / -- * 8 < >i ; greatest breadth (at the base) 15*5 millims. 



AN EXTINCT GIGANTIC LEMUROID FROM MADAGASCAR. 


19 


Inferior Molars. 


m 3 — m x . . . 

. . . 52*5 millims. 

Pi • • • 

... 10 

m l . . . 

... 13 

<w 3 ... 

. . . 15*5 „ 

w 8 ... 

. . . 23*5 „ 


Mandibula. 

Height of the horizontal ramus beneath the anterior margin of p it 5 5 millims. 
» s> a s, ’ posterior „ m 8 , 40 „ 

Dimensions of the Skull. 


From under margin of foramen magnum to a line uniting thejauterior 

margins of the alveoli of p z .195 millims, 

Greatest breadth (between the middle of the orbits).Ill „ 

Approximate length of the frontalia in the middle line.47'5 , } 

Length of the undivided sagittal crest.72*3 „ 

Foramen magnum to posterior part of palate.130*3 ,, 

Greatest breadth between the zygomatic arches.105 „ 

Approximate greatest breadth of nasalia.34 „ 

Breadth of frontalia (narrowest part) at sutura coronalis.37*5 „ 

Breadth of palate between the postero-external angles of the last molars 55*8 „ 

„ „ „ alveoli of the last molars.48 „ 

Approximate length of brain cavity (from under margin of the 
foramen magnum to the boundary between cerebral and 
olfactory fossa) . 71’ 5 „ 


III. Affinities. 

A superficial examination of the skull of Megaladapis will certainly not suggest 
its classification amongst the Lemuroidea } from which it seems, & priori , precluded by 
its comparatively enormous size. Besides, we associate in our mind with the idea of 
a Lemurid cranium large orbits, approaching closely in the middle line and directed 
straight forward; a rounded and relatively large cranium proper; the coveting of the 
brain-case due chiefly to the parietals, the frontals extending laterally backwards but 
slightly from the orbits, and the squamosals tyot rising high up vertically to meet the 
parietals; almost general absence of crests, which, when present (Tarsius, Galago , 
fppidolgmur), are but feebly developed ; a zygomatic arch; long persistence 

d 2 
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of tho sutures. In all these characters the skull before ns, as described in the pre¬ 
ceding paragraph, is the exact reverse of what, judging from those Lmnurids which 
are most familiar to us, we are inclined to consider as typical of the Lomurid skull; 
whereas, on the other hand, some features in the “ physiognomy” of our fossil cranium 
seem to point to quite other directions. These we have first to consider. 

The high and moderately outward-curved zygomatic arch; the backward prolon¬ 
gation of a rather narrow frontal region, which is continued with a slight constriction 
into an equally narrow parietal region; the squsmiosals extending rather high 
upwards to meet the parietals, and thus partaking to a considerable extent in the 
covering of the brain-case; the strongly developed sagittal crest, concealing somewhat 
the depressed form of the skull;—all these are features which at once call to mi ml 
the cranium of a Marsupial, and especially Phascolarctos, Added to this, the narrow, 
short, and low brain-case, indicated externally by somo of the characters mentioned 
(and for which the only analogy is found amongst Marsupialia and Inseotivora, e.g., 
the Centetidce , considered to be amongst the most lowly organized of all placental Mam¬ 
malia). would seem to afford a strong aprioristic assumption against the association 
of Megaladapis with any of the Lemuroidea, 

Besides, there are other features in the skull of Megaladapis which form somo 
approach towards the South American Howlers (Mycetes). In Megaladapis, as well 
as in Marsupialia (e.g., Thylacinus, Phascolarctos), the cranial portion of the skull is 
situated at a considerably higher level than the facial portion when the palate, is 
horizontal; this, in the Marsupials, is exclusively owing to the small dimensions of 
the brain cavity. In Mycetes , although this genus is provided with a muoh more 
voluminous brain-case than the Marsupials and Megaladapis , the back part of the 
skull is still more elevated above the facial portion, and especially above its posterior 
moiety. This conformation is the result of the upward bending of the posterior part 
of the cranial portion,, and partly of an equal upward bending of the anterior part of 
the snout, whioh result in the well-known elongate pyramidal shape of the Mycetes 
skull. At the same time the palate is arched downwards antero-posteriorly. It has 
already been pointed out that Megaladapis presents similar characters. However, 
the bending up of the anterior facial portion, and, as a consequence, the downward 
convexity of the palate, are more strongly developed in Mycetes. In relation with 
this conformation is the considerable hollowing at the roots of the nasals in Mycetes , 
whereas in Megaladapis , although the upper profile of its cranium slopes down 
abruptly from behind forwards, as in the former, the line formed by the profile is 
almost a straight one, there being but a very slight hollowing anterior to the orbits. 
The occiput is truncated in both. 

The curious shape of the Howler’s skull is partly related to the peculiar modification 
of the hyoid hone, with which is in relation, too, the considerable development of the 
mandibular rami. As far as can be judged from the somewhat incomplete condition of 
the mandible of Megaladapis , the ascending portion was unusually elongate antero- 
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posteriorly, though vertically it extends loss than in Mycetes. There exists, therefore, 
a strong assumption that, as in Mycetes, the Malagassy fossil was provided with vocal 
organs of unusual sine. This specialization, however, does not in tho least imply a 
nearer relationship with Mycetes Joy in numerous other characters of its skull Megala- 
detpis departs from the South American genus. 

I have placed in the strongest possible light the reasons which might bo advanced 
against ranging Megaladapis amongst the Lomuroidea j we Have now to review and 
weigh them, one after the other. As to the shape and extension of tho interorbital 
frontal region, Tarsius represents one extreme, tho orhits coming almost in contact in 
the middle line. But, proceeding from this genus, we meet with all possible grada¬ 
tions in this respect, the stages being Nycticebus , Perodicticus , Lepidvkmur, Ha■pa- 
lemur, Lemur, and lastly the Indnsinw, in which the iuterorbital region is considerably 
extended in a lateral direction, and most so in Avahis, though still much less than 
in Megaladapis , which presents the opposite extreme of Tardus, The general depres¬ 
sion of the interorbital region of Megaladapis is to be seen as well in the Tertiary 
Lemuroid Adapts; amongst existing forms in Lepidolemur, and to a somewhat lesser 
degree in llapalemur . 

Neither is the anterior direction of tho orbits a constant character of Lemnroids; 
within the subfamilies (lalaglm (GhivogaU) and Lemurince ( llapalemur, Lepidolemur) 
we moot with instances iu which the orbits are more directed outwards than in others. 
Ad,apis presents likewise variations in this respect. In the typical skull of the 
smaller form, Adapis pctiisiensis, the orbits show a decidedly anterior direction; in 
A. magnus, as well as in a skull united by Filiiol with the smaller species,* the 
direction is almost the same as that seen in Megaladapis , although they are far from 
possessing the peripheric position and the tubular form of the Malagassy fossil. 

The rounded, vaulted cranial portion is characteristic for all existing Lemurids, 
with some variation (e,g,, Ohirogale Milii , in which the cranial portion is somewhat 
more flattened than in Lemur), as opposed to Megaladapis. 

In Adapis, by the depression of this part, coupled with the enormous, though 
sharp, sagittal crest, a strong approach is made to Megaladapis. The brain-case of 
this last is comparatively much shorter and narrower than in the first. 

A very elongate facial cranium is presented by the genus Lemur. As in many 
other natural groups, we meet with a great variety amongst Lemurids in this respect. 
Lemur on one side, tbe Indrimwe, with a very short snout (e.g., Avahis), on the other, 
are the extremes. Adapis, though possessing four premolars, has a much shorter 
facial portion than Lemur. 

The zygomatic arch, generally slender in the Lemur ides, acquires greater strength 
and is higher in the Indrisincs. Still closer approach is made to Megaladapis by 
Adapis, in which, besides, the squamosal rises still higher than in the former. In 


# { Ann. dee So, G4 q 1,,’ 14,1883, Plate 10. 
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Megaladapts tho vertical extension of fell© parietal is the floulilts of that of the 
squamosal; in Lemur the first is four times higher*than the lust; whereas in Adapts, 
on the contrary, the vertical extent of the squamosal, near the occipital crest, is 
scarcely less than that of tho parietal, and even exceeds it, if the sagittal crest be dis¬ 
regarded. In Lemur, as well as in most existing Lemurids, tho great disproportion 
in the respective heights of tho parietal and squamosal, is in relation with the greater 
volume of the brain-case; this does not, however, explain the vortical development of 
the squamosal in Megaladupis, and the still greater in Adapts, in which last a nearer 
approach to tho Marsupialia is given than by Megatadupis. How little clussificatory 
value can be attributed to this structure is sufficiently illustrated by the fact that we 
find very high parietals amongst Ungulates ami Ilodents as well. This same remark 
applies to the vertical extension of the zygomatic arch. 

In a skull of Adapts pansienm (Br. Mus.) the occipital condyles approach to the 
vertical position exhibited in Megaladapis. They are perfectly vertical, as in this 
last, in a skull of Galago from the Kilima-Njaro (Br. Mus,, 92, 10, 18, 10) and in 
Pcrodictious potto. 

In other existing Lemurids, as Lemur, Ilapalemur , Propitheous, in which the 
horizontal diameter of the foramen magnum is equal or superior to its vertical 
diameter, the anterior portions of the condyles are directed inwards, the posterior 
portions externally. 

In some essential structures Megaludapis agrees with the Lemuridm. Such are the 
orbits, which form a complete bony ring, and communicate freely with the temporal 
fossa beneath the postorbital bar; the lacrymal foramen, which is situated exter¬ 
nally to the margin of the orbit; the horizontal mandibular ramus, which is higher in 
proximity to the symphysis, than further back; in the shape of the molars, Megaladapis 
is closely related to Lepidolemur, and, more so to the smaller forms included in the 
genera Microcebus and Chirogak. The inferior molars, also, are of the same type as 
Adapts, with the difference that the anterior portion of the Adapts molars is less 
atrophied, the anterior transverse valley being better developed. Further, in Adapts, 
the last molar has only two internal cusps. 

IY. Primitive Ancestor or Degenerate Descendant? 

The question next arises as to whether, in the characters of its skull, Megaludapis 
must be regarded as a generalized or specialized member of the Lemuroidea, In 
other words,'is Megaladapis a primitive ancestor or a degenerate descendant? An 
answer to the question has already been hinted; but it seems advisable to attempt a 
fuller discussion, dealing with the dentition and the cranium separately. 

With regard to the dentition, the majority of palaeontologists would doubtless 
regard the molars as primitive; the purely tritubercular type of the upper molars and 
the corresponding simplicity of the lower molars being usually considered to indicate a 
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generalis'd condition. I have, however, recently discussed this matter at length,* 
and it thuB suffices on the present occasion merely to point out how Mcgaladapis 
confirms the arguments I havo adduced against tho validity of the “ tritubercular 
theory.” No Mammal fauna is more appropriate than that of Madagascar for con¬ 
sideration in reference to the problem, and Megaladcqris is an important discovery in 
this connection. 

Tn Madagascar, the so-called tritubercular type of molar is found in families of 
three distinct orders, namely, in the Vivenidtw, Oentetidre, and Lemuridm. 



Mg. 1 nat.slx 0 Fig.2x4 Fig. 3^ 4 Fig.4%4. Fig.3x1 


Fig, 1. ftfrgahulapU wnthujiimirimsui, ?% Hup. doxt.—Fig, 2. Ohimjuh Uilii , m 2 , sup, doxt,—Fig. It 
Fwplvm (hmloU, w; Jf sup. doxt.—Fig, 4 (hdrtos wnididns, w ( , sup,- doxt.—Fig. 5. UrmimitatcB 
mail a gnsoar inix , sup. doxt.—Tho mol,hod of tntmbcmg fcho homologous ousps is tho samo as 

that adopted hy Wjniim (‘ Yidonsk, Moddol. Naturh. Foron. i. Kjoobonliuvn,’ 1882.) 


On the widely accepted theory, it would therefore he necessary to assume some-close 
relationship between these three families, and also between them and Megaladcipis, 
I feel sure that not one of the adherents of tritubereulism will venture to uphold such 
a view, although it would be consistent with the theory. But it will be asserted that 
they must rather bo regarded merely as lowly organized representatives of their 
respective orders. 

This assertion is disposed of by the fact that each family comprises some form 
showing a tendency to further reduction of the cusps of the molars, viz., the Carnivore 
EwplereS) tho Insectivore Ilenriomtelex, and the Lemuroids Ohirogale Milii and 
Chiromys. 

These same genera, as well as Megcdadapix, exhibit, moreover, evidence of retro¬ 
gressive evolution in other characters. Hence it is reasonable to conolude that the 
tritubercular condition of the molars is the result of similar evolution, and by no 
means a primitive condition. 

We may even go further, and combat the belief that the tritubercular type of molar 
has had a common origin. If we compare, for instance, the lower molars of Gentetes 
and Megaladapis (or Chirogale), we observe that in the first, the posterior part of the 

* “ On some Miocene Squirrels, with Remarks on the Dentition and Classification of the Scturin© ” 
(‘ Proo. Zfool. Soo,,’ London, February 28,1898). 
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tooth—what has been termed its talon—is in a very reduced state; in the Lomuroids, 
on the contrary, the anterior part is reduced, and the greater portion of the molar is 
composed by a part which, according to the trituherculate theory, is of a late develop¬ 
ment. Similar remarks apply to the superior molars. The obvious conclusion is that 
in two genera whose molars present a similar or almost similar form, this similarity 
may have been brought about without the cusps constituting the tooth being 
throughout homologous in the two forms; in other words, that we have to do with 
isomorphisms, not indicating true relationship. 



Ftcf. 1 nalrtx* Fig.kXZ Fig. Fig.4*~l Fig. 3x4 Ftg.BaxT Fig.6lx7 

Pig. 1. Mcgaladapis madar/asoanemip, w 9 , inf. dost.—Pig. 2. Adapts inagnns, inf. dext.—-Fig. 3. Ohvro* 
geth Milii, inf. doxt.—Pig. 4. Hvphrca Gouthti , inf. dexfc.— Mg. 5. Gentetes eoaudatus, «? 1( 
inf. doxt. — Pig, da. Hemieentdes madagasoanensis, m 9 , inf. dext. (from above as all the foregoing). — 
Pig. Ob, Same tooth, from the inner side. The outer ouspa are numbered 4, 5; tho intior 
CUBpBj 1, 2, 8. 

With regard to the skull of Megaladapis , it may be remarked that the low cranium, 
with an almost straight upper profile and an elongate facial portion, would bo regarded 
by most paleontologists as primitive.* There are, however, several considerations 
which seem to indicate that in many cases it is in reality a highly specialized feature. 
Firstly, the increase of the facial portion of a skull, both in a vertical and a horizontal 
direction, is often obviously due in great part to the specialization of the teeth. The 
molars, generally speaking, are increased vertically and sometimes horizontally, and 
the canines are transformed into tusks and weapons of different kinds. Secondly, other 
facts of ontogeny end phylogeny also suggest the same conclusion; for any skull 
during growth from the immature state to old agef and any type of Mammalian skull 
(e.<jr., the Ungulate) traced from Eocene times to the present day, almost invariably 
shows the' gradual diminution of the cranial and the concomitant elongation of the 

* Karii A. Zittel, ‘ Handbneb der Paleeontologie,’ I, Abtheilang, vol. 4,1892, p, 22 ,—Max Schlobser, 
“ Pi® Afffen, Lemuren, Ohiropteren, Insectivoren ,.. des europaischen Tertian?, <feo.,” * Beitr&ge zur 
Palseoniologie OesterreioMJngarus und des Orients,’ 1 M Wien, 1887, p. 8) s “ Die Yerkfemng der 
liefer and Yergrctesoi’ang der Sohadelkapsel triit bei alien S&ugethierst&mmen auf und ist iiberhaupfc 
der Bndiiiweok aller den Sobiidel betreffendeu Veranderungon.” 

f Hermann von Nateusiub, ‘Yorstudien fiir Gesolnohte und Zuobfc der Hausthiere zunEohst am 
SehwnescMdeV Berlin, 1864, p. 8,—Wilhelm Lechk, « Beitrfige zur Auafcoraie des Myimwbws 
fattkfai,'' ‘Yerbandlungen des Biologisoben Yereins in Stockholm,’ vol. 3, May, 1891, No. 8, p. 139. 
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facial portion. Finally, it is evident that the change just referred to continues with 
increasing age, from the fact that the first dentition is more generalized than the 
second one, and requires, as a consequence, shorter jaws; and as it is now proved that 
the first dentition is ontogenetically and phylogenetically the older,* it follows that 
the shortness of the facial region is the primitive condition. There may, of course, be 
instances in which the reduction of the facial part of the skull is partly a secondary 
specialization (e,g t) certain Primates), but this circumstance does not invalidate the 
general result. 

Let us proceed to consider the remaining parts of the skull of the Megaladapis , 
with a view of ascertaining whether they be primitive or specialized. The small 
brain-cavity in vertical, longitudinal, and transverse directions, gives this animal, 
when compared with the existing Lemuroidea, the appearance of being more lowly 
organized, and we must look among Insectivora and Marsupialia for a similar condition. 
It may sound like, a paradox when I advance that the small size of the brain cavity 
in the two groups just mentioned, may he partially an acquired character. I have 
however, strong authority on my side for the assumption that the existing Marsupialia 
“ are greatly modified members of the metatherial type,” and " that most, if not all, 
of the Australian forms are of comparatively late origin,”+ On examining a bisected 
skull of a Marsupial, we may see that the great reduction in size of the cerebral fossa 
is very largely due to the development, in the adult animal, of sinuses in the walls of 
the oovering hones, so that the brain cavity appears not only relatively, but absolutely 
larger in somewhat younger animals. The same takes place in several families of 
Insectivora, c>g., the Centetidce , which are considered as some of the most lowly 
organized of placental Mammals, but which, to judge at least from their dentition, 
as well as from the suppression of the jugals, and other characters, are highly 
specialized; the specialization of the teeth being carried further in one of the genera, 
Hmicentetes, where they have undergone a retrogressive evolution. 

In Megaladapis , the cerebral fossa is likewise much reduced in size, and moreover, 
the olfactory fossa is greatly constricted by the lateral development of aerial sinuses 
to such an extent that they protrude somewhat in the cerebral fossa, the result 
being a reduction in size of this part also of the brain cavity, and os an obvious 
consequence, a partial atrophy of cerebral substance must have taken place; both 
cause and effect were certainly wanting hi the young animal. The inspection of the 
corresponding outer parts of the skull showed us a considerable elongation of the 
lateral parts of the frontalia, backwards from the orbits. This might have led to 
the conclusion, that compared with existing Lemuroids, in which this elongation is 


* W. Lbohb, “ Studien liber die Entwioklung des Zahnsystems bei den Silugethieren,” ‘Morpholog. 
Jahrfcraoh,' vol, 19,1892, pp. 680, 631, 

■ t T, H. Huxley, “ On the Application of the Laws of Evolution to the arrangement of the Vertebrate., 
and'more particularly of the Mammalia,” ‘ Zool. Sec, Proc,,' London, 1880, p, 666, 
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never met with, the cranial cavity of Megaladapis is very elongate in an horizontal 
direction; but, as we have seen, the very reverse is the case. As shown by the semi* 
diagrammatic fig. 10 (Plate 7), the front part of the cerebral fossa is narrowed to 
such an extent by the two frontal sinuses, that the boundary between the cerebral 
and the olfactory fossae is .reduced superiorly to a mere vertical fissure, and at the 
base to a small triangular opening. I know of no other instance amongst Mammalia 
of a similar constriction between the two fossae. 


Y, Systematic Position* 


Prom the foregoing comparison of the characters of Megaladapis with the existing 
Lemuridce, and their discussion, the conclusion arises as to the systematic position we 
must assign to it. Unique as the skull is in several respects, so that we are entitled 
to place the animal in a distinct family, the Megaladapidw , a closer examination has 
shown us that it only carries farther several characters possessed by various groups of 
existing Lemuroidea, and by Adapis amongst the extinct. 

In the conformation of the dentition, Megaladapis closely approaches two Makgassy 
genera of Lemurids ( Lepidolemur , and more closely still some of the forms which 
are included in the genus Chirogale ), so that there is some ground for the 
assumption that an equally close analogy with Lemuridce will be shown by the anterior 
part of the dentition, which is not known for the present. Even if this should not 
prove to he the case, I do not expect that it would alter the conclusions as to its 
systematic position. 

The type of the inferior molars of Megaladapis approaches equally, as has already 
been stated,, those of Adapts, . * 

In the conformation of the interorhital frontal region, Megaladapis hears the most 
relation to Adapis amongst extinct, and the Indrisinae, especially Propithecus , amongst 
recent Lemuroidea. 

There are two characters in the cranium of Megaladapis for which wo failed to find 
analogies amongst existing Lemuroidea, viz,, the exceedingly small and low brain 
cavity, and the prolongation of the lateral parts of the frontals backwards from the 
orbits. As to the first,. Adapis approaches somewhat Megaladapis , so far, at least, 
as having a low brain case; but the cranial cavity of the former is considerably longer 
on proportion. I trust I have shown with sufficient evidence, that Megaladapis 
presents, in this respect, an.instance of retrogression; whereas the same character 
may be a primitive .one in Adapis . 


a^d prolopgatjop of^the lateral region of the frpntals, not in 
--—it -,—-fee, we m'eet wifii this character in groups remote from the 

piaMa; anil; ye ha#e the result Of iH ^developing. of aerial muses ? so 
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that it reveals itself as a specialized character of secondary importance, which is 
totally, or almost totally absent in young animals. 

It is to be anticipated that skulls of young specimens of Megaladapis will bear a 
much closer resemblance than the adult to the existing Malagassy Lemuridcs. These 
resemblances will prove to consist, e.g,, in a more rounded cerebral cranium, in the 
brain cavity being relatively much more, and probably even absolutely more voluminous 
than in the old specimen, as well as in a more shortened facial cranium. The post¬ 
orbital elongation of the frontals will be wanting. 

By the name of Megaladapis no close approach to Adapis is implied; although I 
anticipate that younger specimens will show closer relation to Adapis as well, I 
consider Ad,apis to form another distinct family of Lemuroidea. As some paleontolo¬ 
gists have assigned to this genus a more remote position from existing Lemuroids, a 
few words in support of my view will not be out of place here, as the argument bears 
close relation to the subject of this paper. 

Filhol proposed for this fossil genus a distinct group of the PachyUmuriens , on the 
ground that in its dentition it is nearly related to the Ungulata. To this may be 
objected, that by placing Adapis in a distinct family, sufficient account is taken of 
the more generalized character of its dentition, shown by the incisors and canines, and 
the greater number of premolars, as compared with existing Lemuroidea. On the 
other hand the researches of Geandidiee and Milne Edwabds have shown, that in 
their anatomical characters the existing Lemuroids bear curious relations to several 
Ungulates, so that the existing members would equally deserve the denomination of 
PachyUmuriens, which for this reason becomes superfluous. And the more so, as 
several existing Lemuroids approach, in the structure of their molars, some smaller 
members of the Eocene Lophiodont Ungulates, as well as Adapis. 

A similar view-of the question has long ago been held by Sir William Flower, 
when much less of living and extinct Lemuroids was known than at present.* 

Sohlossee has thought it advisable to establish for the genus Adapis and several 
American Tertiary Lemuroids a distinct sub-order, Pseudolemundcs, whilst Necrolemur 
of the European Eocene, and Anaptomorphus, Cynodontomys, Mixodectes of the 
American, are united with the existing Lemuridce. t 
If Adapis deserves to be separated from these last on account of,its dentition; 
Necrolemur has the same claims, and so has Anaptomorphus, There is no greater 
difference in their dentition between Adapis on the one hand, Necrolemur and 
Anaptomorphus , on the other, than there is between the existing sub-families 
Lemurinm and Indrisinm. So that, as long as all these fossil forms are not more 
completely known, it seems advisable to leave them in the one sub-order, Lemuroidea, 

* W fT.T.nxr Henry F&ower, “ Extinct Leraurina,” ‘Aan. Mag. Nat, Hist.,’ 4th series, yoI. 17, London, 
f Mix SoHtiOBSUR, ‘Die Aflen, Lemuren,’ &c., 1, p. 19, et wq, • ■ ; 
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which would include the following families, leaving aside the less perfectly known 
fossil forms:— 

1. Adapidce (extinct): Adapts. 

2, Anaptomorpkidce (extinct) .* A nap to mo rphus, Necrolemur. 

T , j 3, Lemuridce (recent). 

Lemuroidea < ^ Megaladapidm (extinct); Mcgaladapis madagascarmms. 

5. ChiromyidcB (recent), 

6. Tarsiidcs (recent). 


VI, Associated Fauna. 

Before proceeding to the question of the geological ago, a brief review must bo 
given of the Vertebrate remains found associated in the marsh of Amboulisatra. 
Those discovered by Gbandidier* are the following :— 

Aepyornis . 

Bones of different size, which Alph. Milne Edwards and Granihm jsut are disposed 
to ascribe to three species: Aepyomis maxmus, Atp. matins, and Atp. modestus . 
The largest bones were associated under the first name with the enormous eggs Found 
in Southern Madagascar, and the association has been generally taken for granted, 
the only grounds for this view being that up to the present date no bones of a 
larger bird had been forthcoming. Taking in consideration, on the ono hand, the 
number and great variety of forms of the New Zealand Dinomis, and on the other, 
the circumstance that a systematic palaeontological exploration of the island is still 
a desideratum, some caution as regards this question was not out of place, and 
Dawson Rowley has long ago{ expressed strong doubts with respect to the above 
assooiation. 

In a recent meeting (June 6, 1898) of the Zoological Society of London, the fiton. 
Walter Rothschild exhibited two femora, a tibio-taraus and a t&rso-metatarsus 
of Aepyorms, quite recently sent over by Mr, Last from the south-west coast of 
Madagascar, These bones exceed in size the largest hitherto known, and the exhibitor 
suggested that they more properly might be associated specifically with the large eggs. 

* * Edwards, “ Sar des d&foavertes zoologizes Mfces rdoemment k Madagascar par M. Awasa 
Qsimrtm,” ‘ Oomptes Rendu* Ac. Sc,,* vol, 87, pp. 1165-1167, Stance da U ddo., 1868. 

f Mmss Edwards et Alp, Grakdidibr, “ Non veil w Observations but les Cwaottres zoologiqnoa 
etles egte nacelles do r Aepyorms de Madagascar ”\ Alph. Muss Edwards, ‘ Reoberohes sur la 
dfkrtnte des lies Maacareignos ef d« Madagascar.* Paris* 1866-1878, p, 110, 
f'Miftfll WflttW Bowlby, " Oa the Egg of Aepymh i the Colossal Bird of Madagascar;* * Zool. 
Soo. pp. 892-895,. * . , ; * - 
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On tho other hand, from a few preliminary remarks by Dames* on Aepyomis 
remains in tho Berlin Museum, collected by Hildebeandt, at Sirabd, Nortk-Betsileo 
(Central Madagascar), it appeared as probable that they represented an apparently 
new form of Aepyomis, of comparatively small dimensions. These remains, amongst 
which a pelvis deserves particular mention, have been recently described and figured 
by K Burckhaedt as Aepyornis Hildebrandtif 

Crocodilus. 

A Crocodile, Crocodilus robustus , Vaill. et Geand,, originally believed to bo 
extinct,J but later on discovered by IIumblot§ as actually existing in the great lakes 
of the interior. This Crocodile, stated to reach a length of 10 metres, is nearly 
related to the Indian Crocodilus palustris , Lesson. || A humerus of Crocodilus from 
Sirab6, in the Christiania Museum is supposed by DamesII' to belong to the same 
speoies. 

Testudo . 

Two gigantic Chelonians, Testudo abrupta, Grand., and Testudo Grandidieri, 
Vaill. ## The last mentioned form was discovered besides by Geandimer, in 
" Couches Sablonnouses,’ , at Etserd (South-West Coast),id and the remains sent to 
the British Museum by Mr. Last, and described by Boulenqee,^. seem to come from 
the same locality, in a cave. 

Hippopotamus. 

Finally, the remains of about fifty specimens of Hippopotamus were discovered by 
Grandidier at Amboulisatra, and described as H. Lemerlei$ Remains of Hippo - 

* W, Dames, “ Vorlago sines subfossilen Crocodtt-Hurnorus von Madagascar,” * Sifczungsber. dor Ges. 
naturforsch. Freunds.’ Jahrg. 188G, No. 5, Berlin, 1886, p. 68. 

t R. Burckjiardt, “ tlber Aepyornis,” ‘ Palaeontologisoho Abhandlungon/ Neus Folgo, vol. 2, Jona, 
1893, 

f A. Grandidier ot I/. Vaillant, “ Sur lo Crocodile fossilo d’Amboulintsatro (Madagascar),” 
‘Oomptea Rend. Ao. So./ vol. 75,1872, pp. 15Qrl51. 

§ L. Vaillant, “ Remarques sur Is Crocodilus robustus, Vaill. et Grand., do Madagascar,” ‘ Oompt. 
Rend. Ao. So./ vol. 97,1888, pp, 1081-1083. 

j| I». Vaillant, bo. dt, G. A. Boulenoer, * Catalogue of tbs Chelonians, Rhynchooephalians, and 
Crocodiles in the British Museum (Natural History).’ New ed,, London, 1889, p. 286. 

*|f W, Dames, Is.o , 

## Milne Edwards, ‘Sardes d5couveries zoologiques,’ l.s.o. Alfred Grandidier, “Madagascar,” 
* Bull. Boo. Gdogr./ 2, 1871, p. 91, L, Vaillant, “ Remarques compl6mentaires sur les Tortues gigantes- 
ques de Madagascar,” ‘ Oompt, Rend. Ao. So.,’ vol. 100, 1885, pp. 874-877, 

ft Milne Edwards, ‘ Sur des ddoouvertes zoologiques,’ etc,, loo. cit. 

jj G. A. Boulenger, “ On Remains of an extinct gigantic Tortoise from Madagascar (^Testudo Qrandi- 
4ieri, Vaillant)/’ ‘ Trans. Zoolr Soo.,’ vol, 13, pp. 305-311. 

§§ Milne Edwards bo. ott , 
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potamus have been likewise discovered in Central Madagascar. 1 he Gorman oxplmvr, 
Hjldebrandt, obtained skeletons of this Mammal from the Halt-marsh of hirnM (/.#., 
tf much salt”),’ 5 * and forwarded them to the Berlin Museum.f Kokkn| uiul 1 )amkh^ 
identify this Hippopotamus with a skeleton from the same locality, obtained by 
Norwegian Mis sionaries and sent to the Christiania Museum, where they have been 
described by Guldberg under the name of II madagascailensis. || 

The brief description of the II Lemerlei , given by GaANDlMKitf does not 
enable us to deoide for the present if the Sirnb<5 specimen is identical with the 
H. madagascanensis , Gtjld. Alph. Milne Edwards is of opinion*** that the 
H. Lemerlei from Amboulisatra comes very near to the II libcriensis (C'/toerop.vw), a 
living form from Liberia. The Aepyornis remains from the central parts being 
different from those of the south-west coast, and it being doubtful at present if the 
age of the two deposits, which we shall have to discuss hereafter, is the same, there 
is an ct prion assumption against the identification of the respective Hippopotamus 
remains. The question becomes more puzzling still by the circumstance that a 
cranium of Hippopotamus in the British Museum, found in a swampy deposit at 
Sirahd+t—the same district from which were obtained the remains in the Berlin and 
Christiania Museums—is decidedly different in some essential points from the one 
described by Guldberg. For some further particulars on this question, 1 refer to 
the following chapter. 


* J. M. Hilmbrandt, “ Skizzo m einem Bildo central-madagassiKchon Nalurlobcnw im Milling/' 
‘ Zeitsohr. d. Ges. f. Erdkunde zu Berlin/ 16 j Berlin, 1881, pp. 194-#)3, It, Baron, 41 No ton on the 
Geology of Madagascar.” ‘Quart. Jouru. Geol. Soo./ London, vol. 45,1880, p, 308, whom tho name in 
Written “ Antsirale,” 


t Kokhn, “Reste eines eubfossilen Hippopotamus, Hippopotami# mwlagascam OutooBNo/* 
’ Sitzungsber. Ges. Naturf. Freunds.’' Berlin, 1886, p. 55. W, Dambb, Uo, 

, t Zoo, oik i 


§ Loo, oik 


, [1 Gi A. Goldberg, “ TJudersSgelser over on subfossil flodheai fra Madagascar," ‘ Forhandlingor i 
yidenskabs Selskabet i Christiania, aar 1883/ Christiania, 1884, No. 8. 

" IF Mmp.’FlWARJJS, * Sur des d^oowertes zoologiques,' loo, ait, 

** Zoo, oik — 


. ft BoxnflN Newton, lt On the Discovery of a Secondary Reptile in Madagascar, Stenoosaufut Baroni 
(»». sp.) j with a reference to some Post-Tertiary Yertebrate Remains from the same country, recently 
acquired by/fche British Museum (Natural History}/’ (‘Geolog. Magazine/ Decade III., vol. 10, 
No. 347, May, 1883, p. 197.) Mr. B. Newton draws besides attention to the fact that a few Hippo- 
potamm teeth from Madagascar were sent to this country as long as sixty years ago, and are preserved 
, °f the Geological Society, the .label accompanying stating them to oome from a locality 

' kfeftom Antananarivo, which h the .capital, situated in Central Madagascar. Tho brief 
‘^oo. of the. Geol. So.o,of JjQndou,’ (vol. 1, No, 31, 1838, p. 479), runs as follows j— 

*%^i#alterwards read from Mr,. to Sir AimspBR JoBStTQiw, tf.P.&JuS,, aooompanytog 

‘ ..' 

. . of a Hippopotousj- 


l of % tusk 
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The small collection obtained from the marsh of Amboulisatra by Mr, Last, consists, 
besides tho skull of Megaladapis , of two occipital portions and bones of Hippo¬ 
potamus. 

Part of the pelvis of Sus which, from its fresh appearance, seems to be more recent 
than the other remains. 

Vertebrae of a species of Potamochcerus , whioh may prove to be the one actually 
existing in Madagascar. 

Some remains of Aepyomis, and of other smaller birds. 

Bones and fragments of the carapace of Testudo Grandidieri, Vaill., identified 
by Mr, Boulenqeu. 

The collection contains besides fragmentary bones of some Mammals, but so few in 
number, and at the same time so enigmatical, that the safer course to pursue will be 
to say as little as possible about them for the present. A femur of a young 
individual—the distal epiphyses are wanting—with a very strong lesser and a feebly 
developed third trochanter, presents, by its antero-posterior flattening, a striking 
resemblance with a Manis femur, with which however, for other reasons, I do not 
feel inolined to unite it j hut it may be a Undent or an Insectivore. The length of 
the bone, so far as preserved, is 135 millims. 


VII. Geological Age, 

We have next to meet the question as to the geological age of the cranium which 
forms the subject of the present inquiry. 

From Mr, Last’s correspondence it appears that the bones from the marsh , of 
Amboulisatra were found lying between a stratum of a 4t white clayey substance” 
above, and a deposit of “ greenish sand and stones ” below. The white clay has a 
thickness of 18 inches to 2 feet, and is overlaid by 6 inches of black soil. The matrix 
adhering to the bones is in fact a green quartaitic sand. They have a very fresh 
appearance, and in their mode of preservation and colouring much resemble the 
animal remains from lake-dwellings, some of them having an even fresher 
appearance. 

With regard to the remains of Orooodilus robustus from the marsh of Amboulisatra, 
it has already been stated that this species is actually existing in the lakes of the 
interior. , , 

Alfh. Milne Edwards and Grandidier, in their paper on the remains of 
Aepyorni8 from this same deposit, sum up in the following words the discussion asi to 
t&eir age; “II ressort done clairement de ces faits que VAepyornis a vdcu k une 
4poque oh Vhotome habitait d$j& Madagascar, mais que, ddpourvu de moyens de 
defense et probablement aussi ^intelligence, il a M rapidement ddtruit, ot que les 
voyageurs des xvi° et xvii 0 sibcles n’ont pu que recueilUr sur son.compte les souvenirs 
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ddjit anciens et, par cons6quent, m&lds de merveilleux que les tribus sauvages se trana- 
mettaient de gdn^ration en gdndration.”* 

Reference is bere made, first, to the legendary bird Roc or Rue, mentioned by 
Marco Polo and other travellers, influenced by which Professor Bianconi, of 
Bologna, has endeavoured to prove in several Memoirs that the Aepyomis was a bird 
of prey allied to the Yulture.t 

The legends referring to gigantic birds may not necessarily be considered as a proof 
of their contemporaneity with Man, as they might have been originated by the view 
of the enormous eggs. In the same manner as the fables relating to monsters and 
amazons inhabiting the island of Samos, and which are reported by JSlianus and 
Plutarch, owe their origin to the acquaintance of the ancient Greeks with the great 
quantity and occasionally enormous size of (Miocene) bones met with in that island.^ 
The opinion that the Aepyornis was contemporaneous with Man is, however, 
strengthened by the fact stated by Milne Edwards and Grandidier, viz., that on 
one of the tibiae, “ On voit & Textrdmitd supdrieure des empreintes profondes 
pratiqudes & l’aide d’un instrument tranchant; il semble dvident que ces incisions 
ont dtd faites en coupant les ligaments du genou pour sdparer les os de la jambe de 
celui de la cuisse, et elles ddcdlent la main de rhomme.”§ 

Moreover, on one of the fragments of metatarsus are to be seen, according to the 
Barne authors, some superficial outs or scratches (incisions), very similar to those found 
sometimes on bones from caves and considered to be the work of Man.|| 

On the mandibula of the Megaladapis scratches are also seen which have the 
appearance of age, and which seem to have been produced by some cutting instru¬ 
ment ; but they may also be referred to the action of sharp-pointed teeth. 

Most of the eggs of the Aepyornis have been reported to be found on the sea¬ 
shore of South Madagascar, “ on the abrupt rise of the dunes, even on the surface of 
the sand, when there is a crumbling of the earth, or when tropical rains heave up 
parts of the sand.”1T The dunes are considered both by Grandidier** and the Italian 

* Alph, Milne Edwards et Alp. Grandidier, “Nouvelles Observations stir les oaract&res zoologiques 
et les af&nitds naturelles de VA&pyorms de Madagascar,” loo, oit., p. 112. 

t Bianoori, “ Dell* Bpyomis mamrns menzionate da Maroo-Polo a da Fra Manro,” * Memorie dell’ 
Accademia dello Soienze,’ Bologna, 1862; ibid,, “ Degli scritti di Marco-Polo e dell’ uooollo Ruo da hi 
menzionato,” be. tit , 2* serie, vol. 2, Bologna, 1862; ibid., “ Studi sul Tarso-Metatarso degli uccolli ed 
in particolare dell’ Bpyomis maximus,” loo . oil., 23 Aprile, 1863, e 12 genn., 1865. 

J 0.1. Forsyte: Major, “ Le Gisement ossifkre de Mitylini,” ‘ Extrait de “ Samos,” dtnde gdologique, 
paldontologique et bofcanique,’ par 0. db Stbfani, 0.1. Forsyth Major, et W, Barbey, Lausanne, 1892, 

pp. 1-2. 

t § hoc. oil., p. 112, 
ft Ibid * 

f hfa Grandidier, “ Observations sur le gisement des ceufs de VBpyomis,” * Oomptes Rendus Acad. 
So.,’ Osiris, vpl, 65, 1867, pp, 476*478, Georse Dawson Rowley, “On tbe Bgg of Aepyornis, the 
OdlasSal llftd Of Madagascar,” ‘ ZooL Soo, Proo,, ! London, 1867, p, 892. 

J ■ ** G6AStDifi^%, tit. Rowley, ho. tit 



AN MNTINt-T GIGANTIC LKMUROID PROM MADAGASCAR. 


33 


geologist, Cortbrb,* * * § to bo modern alluvia, the deposition of which is still in progress. 
Ho tlmt here we have another proof that the Bird to which they pertain was still in 
existence at a recent period, later probably than the Pleistocene. 

It would seem, however, that the eggs were more frequently obtained from some 
marshes. This circumstance seems to have been kept secret; the eggs, though rare, 
having become, on account of the high price paid for them by collectors, a sort of 
article of exportation from Madagascar. CowrBSBt was the first to refer to their 
being found in marshes, and the geologist, Pj&lagaud, to whom the Bologna Museum 
owes an egg of Aepyornis, and who has more than once visited Madagascar, informed 
Professor CJarklun r as to the places where they are found and the methods resorted 
to in seeking for then>4 

To account for the presence of the eggs in the marshes, we must suppose that the 
water has only recently invaded the sandy region where they were originally deposited 
by the Birds; this, according to Capellini, § would be in relation with the gradual 
subsidence of the west coast of Madagascar, as admitted by Cortes e. || 

Further arguments in favour of a recent origin of the bones occur in connection 
with the discovery of those oi' Hippopotamus in Central Madagascar. 

Hiltjebrandt, who was the first to discover remains of this MammallT in the 
salt marsh of Hirabu, states that the natives have various names for it, one of 
them being Lalomhia, which means, according to Hildebranut, “the smooth red 
one”** 

Dr. BoiuanmEViNK, who was an eye-witness of the discovery of the Hippopotamus 
skeletons, now in the Christiania Museum, has given a report of this discovery in the 

* E. Cortemk, “ Appunti goologici still’ isola di Madagascar,” e Boll, del R. Comitate Geologico 
d* Italia/ vol. 19, Roma, 1888, pp. 118,119. 

f “ La parte pi a moridionale dell’ isola, oioft 1* Antanosy, 1‘ Antandroy e il Tanala, 5 bassa, paludosa 
in gran parto inosplorata. Faro elio nogli stagni di quella regiono si irovino i gusoi dollo gigantosche 
nova di Aepyornw.” M, Ooutkhh, <l Appunti goologici still’ isola di Madagascar,” ‘ Boll, del R. Comitato 
Geologico d* Italia/ vol. 19, Roma, 1888, p. 119. 

| GiOV, OxpEr.UNr, “ Sul prime novo di A npyomia maximm arrivato in Italia/’ ‘Momorio R. Aooad. 
dello Scionze dell’ 1st. di Bologna/ serie iv., vol. 30, Bologna, 1890. In a letter transcribed on p. 26, 
M, PiiiAOAUD states s—“ Vous aavez quo tons ces oeufs out dt6 trouvds dans un marais.” With reforence 
to the egg sent to Bologna he writes (p. 27):—“ II vient des environs do Nos-Vey c6te sud-ouest do la 
grande terre, Vous savez comme on les ddcouvre. Des cherchenrs sondent A coup do lance (sagaie) la 
vase des deltas de certaines rivitres mardcageuses jusqn’A ce qt/on rencontre un corps dur , . 

Thirty years ago Professor Tennant exhibited to the Zoological Socioty of London a very perfect egg 
of the Aepyornis (lent to him for exhibition by M. J. F. Brunet), which was stated to have been obtained 
in Madagascar, “at a depth of 50 feet, in digging a mine of iron,” (* Zool. Soo, Proo./ London, 1868, 
p. 488.) 

§ Loo, of/,, p. 35, 

|| Loo, ott.t p, 127. 

Now in the Berlin Museum. 

#* J. M. HinwBBRANDT, loc, «/., p, 197. 

MPCGOXOIV*—B» F 
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‘ Transactions of the Christiania Scientific Society.’* He, too, mentions, in connection 
with the Hippopotamus, a legendary monster, Lalimeua, provided with large sharp 
tasks. According to Dr. Boiicihurevink, the meaning of this word is not certain ; 
perhaps it signifies “the red one who dives deeply” (den Jioe.de, sow gaar tight), or 
“the red fly” (den roede Flue) (V). Some accounts state this animal to have 
resembled a huge boar; and tradition says that it was one of the prerogatives of the 
sons of kings to fight, or, jus the tales have it, to play with, this monster* 

The skeleton in question has been fully described by G. A. GuLDMflHu.f 

From SimiEE, one of the editors of the ‘Antananarivo Annual/ we learn that the 
remains of Hippopotamus obtained by the Museums of Berlin and Christiania wen* 
discovered during the excavations for the foundations of a bath-house, erected by the 
Norwegian Mission over the hot spring of AntsirahtS; adding that there, have been 
occasional vague reports of the existence of some huge animal in the southern parts of 
the islands, and suggesting that possibly the Hippopotamus is not yet/ extinct there, 
and that the half-mythical stories of the Sangdmby , TdJcandla , Laldmdna , anrl other 
strange creatures, current among the Malagassy, are traditions of the period when 
these huge Pachyderms were still to be seen in the lakes and streams and marshes of 
Madagascar*! 

In addition to these informations, it may be worth mentioning that FiAComtT, 
" Directeur G<5n<5ral de la Gomp&gnie Frau^oise de I’Orient/' who resided for years in 
the Fort Dauphin, erected by the French on the south-east coast of Madagascar, as a 
" Commandant pour sa Majestd dans la elite Isle eb ds Isles adjacentes,” published in 
1658 a c History of Madagascar.’ In this work two chapters are dedicated to the 
fauna of the island, giving the native names of the animals with brief descriptions^ 
part of which are easily recognizable, their names having been confirmed by recent 
travellers. Besides these, Fiacourt names and describes four quadrupeds which, 
from the size as well as other characters assigned to them, cannot be identified with 
any known existing Malagassy Mammals.|| In some instances the author wrote only 

, * Chr, Borchorsvink, “ Oplysninger ora et pa* Madagascar fundet sabfossilb FladhestoSkelot.” 
0 Oversigt over Videnskabs-Selekabets Mooder i 1882,* den 12 Mai; ‘ MatbematiHk-NaturvidonHkttbolig 
Olasse/ pp. 8-11 j ‘ Forhandlingor Vidouakabs-Selskabet i Christiania Aar 1882/ Christiania, 1881},) 

f Jj, a, o ,, p. 24, 

I Jambs Sibrke, jun., “ The Volcanic Lake of Tritriva: its Physical Features and Legendary History/’ 
(‘ The Antananarivo Annual and Madagascar Magazine,’ Antananarivo, 1888, No. 12 (part 4 of vol. 8), 
pp. 468, 469. 

§ “Histoire de la gi’ande Isle Madagascar, composes par le Siour Dm Fucoukt, Directeur Qundral de la 
Cojnpagnie Francois® de l’Orient, et Commandant pour sa Majesty dans Indite Isle et us Isles adjacentes. 
Aveo une Relation de ce qui s’eat passe es anneos 1055, 1650, et 1657, non eneor veuil par la premiere 
Impression,” Chap, 88, “ Des Animaux terrestres et des Inseotes,” pp, 161-169, Faria, 1661 (the first 
edition is of 1658), 

|| Jjoo. mt,, pp. 164,165, “ Tretretretre on Tratratmtra, e’est un animal grand oommo un veau do deux 
ans, qui a la teste ronde, et une face d’homme; les pieds de devant comme un singe, et les pieds de 
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from hwtrstty, and may have reported Homo of the more or less fabulous accounts of 
the natives. However, Flagoukt's information deserves mention, (Specially as the 
general trustworthiness of his statements has been acknowledged by modem 
explorers.** 

The last set of Vertebrate remains, discovored by Mr. Last on the south-west 
coast of Madagascar, without indication of the exact locality, and received in 
England in the beginning of June of this year, contains, besides the hones of 
Aepyontu s* of exceptional size, the following remains:— 

1. An incomplete skull ami mandibula, besides Humorous bones and isolated tooth 
of Hippopotamus. 

ii, A skull, two humeri, as well as other bones of Crocoililus ivbustus, 

3. Several mandibular rami and numerous bones of a slender-legged form of lias. 

The association of the last-mentioned genus goes far to prove that the extinct 
Vcrtebrata recorded, co-existed hi the island with domestic cattle; the hones of the 
lion presenting the same coloration as part of the other remains; whilst those of the 
Aepyornis, and several of those of the Hippopotamus show even a fresher 
appearance. + 


dorriiVo aunni. tl a poll friwoU', la qiutuu uourk* ofc los oroillon comma callow d’un lionimo, II roHHomblu 
au Tuna chi doHorit par* Amhiioi.sk Park, II m’cu cwt veil im pi*ocho l’tiwtaiig do Lripamatui nux ouummH 
duquol imfc won rapaire. O'ckI un animal fort Holitairo, low gonw da pain on out grand pour ot shmfuiunt 
do luy oomme luy minnI d'oux. 

“ Antumhu , e'ent uno bftto gratulo wmnno uu grand cliion quia la tosto rondo, ot au rapport don Nogruw, 
olio ft la roHwomblanoo d'un Rooparfc, olio dovoro k*8 Iiommos ot low voaux. Elio ost rare ot no demouro 
quo dunw low liaux dew montagnim Iob moins frequonto/. 

“ Mantjarmhoc , e’ewt uno bdto fort grande qui a lo piod rond oommo un ohoval et los oreillos fort 
longuow. Quand ello descend d’uno montagne olio a do la peino a voir douant olio, it cause quo sea oreillea 
luy cackout los yeux, olio fait un grand cry & la fa$on d'un asne. Je crois que co pont esfcro tin asno 
sauvage. Tl y a uno montagno t\ vingt liouiiw du fort Daupliin quo les Francois ont nommu Mangaimhoo 
du nom do cctto animal, y on ayans autros fois oily crier un. 

u Bveh, o'ost un animal quo Iob Nogrow do Mangliaboi diwent owtro danw lu pain dew AutsianaotoK, qui 
a une come eeulu stir lo froufc, grande coniine un grand cabrit, et oat fort sauvago, il faut quo co suit uno 
licorue.” 

When, announcing the discovery of the Aepyonth eggs, Twin. GKowoioY-SAiNT-HiLAin k quotes tho 
following passage from Flacourt, refeiTing to a bird called Vouron patm :—“ Cost un grand oyseau qui 
kante les Ampatres, et fait des oeufs commo 1’Autrucho; o’esfc uno esp&oe d’Autruohe. Ooux des dits 
lieux ne lo peuvent prendre, il oherche lea lieux les plus deserts ” (loc. oit ,, p. 165). Flacourt’h Vouron 
patra Has been supposed by Gkopfroy-Saint-Hilairk and other writers to bo referable to one of the 
minor forms assigned to the genus Aepyornis , and in the first line to the fragmentary egg-shells, as 
mentioned by F. Gkrvais: “qui paraissent avoir dft £tre da volume de ceux des Aatruohos.*’ (Twin. 
GaomoY-SAiNT-Hii/AiRi, l.s.c, ; F. Gkrvais, l.s.c.) 

* See Aljt, Grandidikr, Madagascar (loc, oit., p. 82) : “ I/ffistoim d$ Madagascar, par Fla court, soule, 
porte le oaobet de la vdritd; ce que lo gouvemeur de Forfc-Danphin dcrivait, on 1661, sur la petite 
peuplade des Ant&uosses, est vrai encore de nos jours.” 

t The following account of the Madagascar cattle in the 17tb century, an given by Flacourt, 
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The evidence contained in the foregoing pages., shows, with a ^sufficient degree of 
certainty, that the Vertebrate remains discovered in Madagascar belonged to animals, 
part, if not all, of which have been seen by M an at a relatively recent date. 

There is however, besides, another piece of information, though scanty for the 
present, which entitles us to look forward towards the discovery of a Mammalian 
fauna, geologically older than the one treated of in the foregoing. 

From the few papers published on the geology of Madagascar, which at the present 
day, according to Grandidier,* possesses but a scarce number of lakes, it appears that 
numerous old lake-bottoms exist in the central part, as well as terraces of lacustrine 
origin,t From the correspondence of Mr. Last, who spent last autumn and the 
whole of the , winter in the Antinosy country, we gather that in this almost 
unexplored region of Southern Central Madagascar, the beds of old lakes equally 
abound. Mr. Last further states as follows: “ Now the lakes are all dry, leaving a 
bed of grey, marly clay, from three to live feet thick, and near the bottom of this the 
isolated bones are found.” Another formation, termed by the writer a “soft red 
sandstone,” seems to overlay in many places the grey marl; in one place where the 
river Itungansuba has cut a passage through these various deposits, a section of them 
is seen. So that the suspicion arises that the grey marl of the interior is not the 
equivalent of the white clay in the marsh of Amboulisatra near the sea-shore, but 
rather belongs to a geologically older formation. Oortesk mentions^ that in the 
central region, extensive stratified deposits of red arenaceous clays (argille sabbiose 
rosse) exist resulting from the decomposition of the gneissic rocks. These red 
arenaceous clays he ascribes to the Pleistocene. If they are the same formation 
with Mr. Last’s “soft red sandstone” of the southern central parts, then the 
underlying grey marls and the fossils they contain, may be Tertiary. 

Whatever may hereafter prove to be the case it appears (l •priori highly improbable 
that the formation of lake basins has been limited to the Post-Tertiary period. 
Whilst from the presence, in one or more districts, of lignite,§ believed by Cortebe 

acquires a peculiar interest in relation with, the above statement. “ II y a do trow sorfcos do tenuis on uo 
pais B 9 auoir cenx qui ont des oornes j d’autros qui so nomment Boury, qui out la teste rondo, et n’ont 
point de comes, et d’autres qui ont des cornea pendantes attaohdes t\ la poau do la teste soulcment" (?), 
(probably Bulalm) “ et tons ont de grosses louppes de graisse sur lo ohinon du col, do kqucllo louppe Ton 
en fond la graisse pour manger au lieu de beurre: d’autant qu’ello est aussi agroable que lo bourne. 
Ces bceufs quelques gras qu’ils soient, ont tr&s-peu de suif, ce qu’il y en a osb trhs-bon i fair© de 
la chandelle. XI y a encores dans le pais des Machicores, mine des guerres, uno grande quantitd do 
bceufs sauuages qui n’ont point de louppes. Ils sont oomme oeux d’Europe: Toutesfois sont haute 
de jambe, ot courent par trouppe comma des cerfs.” (Dis Flacoukt, lac. eft., p. 151.) 

* Alf. Gsanmdier, “Madagascar” (‘Bull. Soc. Gdogr.,’ vol. 2,1871, p. 104) 
t M. Costese, ‘Appunti Geologic!/ &o M pp. 106, 107, 108. R. Bason, lac. ait pp, 806-308. 

, $ * Appunti geologici,’ p, 117, 

§ & OoRTJsea, “Osservazioni geologiohe sul Madagascar,” ‘Boll, del R, Com, Geol./ vol. 18, 1887, 
p. 187. Ik'd., ‘Appunti Geologici,' &o., loo. eft., p. 123. R. Baron, loc, eft,, p, 825. 
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to bo of Pliocene age, it becomes further almost a certainty that lacustrine deposits 
of Tertiary age exist in Madagascar. I anticipate accordingly that a Tertiary 
Vertebrate fauna will sooner or later be forthcoming in the island. 

With regard to this proposition I wish to call attention to another circumstance. 
In the foregoing inquiry reference was made to a paper by Guldbero, containing a 
detailed description, with plates, of the Hippopotamus from Sirabo, in the Christiania 
Museum. Guldberu supposes that this form may he identical with the II, lemerlei, 
whoso remains were discovered by Granbidier in the Amboulisatra marsh. The 
provisional description given by the French author* does not allow us to pronounce 
with certainty on the matter, so that, being in doubt, Ouldberu prefers to assign a 
new specific name to the Sirabd remains (II nuxdagcmarienm). 

The Hippopotamus skull in tin* British Museum comes, us above stated, from this 
same district of Sirahd ; I was in cemsequemce, as a matter of course, prepared to linrt 
it agreeing with the one described by Gitldberu. However, a close examination 
proved quite the contrary. It can only be said, in a general way, that both are 
somewhat intermediate between the lower pliocene II, sivalensis and the existing 
II amphibia #, a remark which likewise applies to II, .lemerlei ; but otherwise the 
skull in the British Museum differs from the one described by Guldreru in various 
respects, Nome of the variations being such that it is impossible to account for them 
as being due to age or sex. The London skull appears to he equally different from 
those described by GjtANDlMKU in some points in which those last agree with the 
Christiania skull, so far at least as one may bo allowed to judge from G RANdidj kh’m 
description. Now, as it seems at first sight difficult to admit that two different 
forms of Hippopotamus existed in the same district, I feel almost inclined to 
conclude that the differences alluded to may bo duo to the fact of the two skulls 
from Sirnbd being of a different geological age. 

However, I do not wish to insist too strongly on this point so long as the Paris 
remains have not been submitted to a close comparison, in which would lmve to be 
included as well, the remains sent to Berlin by Hildebrandt. 


* Milne Edwards, “ Sur des ddcouvertes xoologiquos faitea rdoemmenfc 4 Madagascar par M. Alfred 
Qrandidibu,” ‘ Oomptes ttendus Acad. So.,’ vol. 67, stance da 14 D6c., 1868, pp. 1165-1167, 
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Description of Plates. 
All figures natural size. 


PLATE 0. 

Mvyaladapis madagaiscarienm, gen. efc. hjk nov. 

Fig. 1. View of tlie right side of the skull. 

Fig. 2. Outside view of the right mandibular ramus. 

Fig. 3. Front view of the same, to show the symphysis. 


PLATE 6. 

Megaladcqus madayaxoarUmsix, 

Fig. 4. Upper view of the skull. 

Fig. 5. Occipital view. The constriction between the cerubml and Um olfactory 
fossa is visible through the foramen magnum. 

Fig. 6. Fragment of the right maxilla of a second specimen, from below, showing the 
two posterior molars and the alvooli of the first molar, us well as of the 
two posterior premolars. 

Fig. 7. Upper view of the inferior molars and posterior premolar {right mandibular 
ramus, fig. 2). 

PLATE 7. 

Megaladapis madagaaoctriemis. 

Fig. 8, Inferior view of the skull. ms,, backward prolongation of the inflated 
maxilla, whioh on the left side is broken, so that the maxillary sinus is 
visible. 

Fig. 9. Internal view of the right mandibular ramus. 

Fig. 10. Diagram of the boundary between the cerebral and the olfactory fosses, as 
seen through the foramen magnum. The posterior ridge of the lamina 
perpendicularis of the mesethmoid (crista galli) is visible through the 
opening. 
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III, A Further Minute Analysis by Electric Stimulation of the So-called Motor Region 
(Facial Area) of the Cortex Cerebri in the Monkey (Macacus amicus).* 

By Charm E. Bbkvor, M.D., F.R.C.P., and Viutok Horsley, M.B., F.R,C.S ., 
FJLS. From the Laboratory of the Brown Institution and from the Pathological 
Department of University College , London, 
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Introduction, 

In continuation of our former minute analysis of the excitable region of the cerebral 
cortex, we have explored the so-called centres for the facial, lingual, and pharyngeal 
movements, or as we prefer to speak of them collectively, the facial area. This 
district, as will presently be seen, has been mapped out by numerous investigators, 
and its general limits are fairly well understood; but as we have found in the 
course of our investigations several points untouched, especially relating to the 

* The expenses of this research were defrayed principally by an assignment from the Government 
Grant administered by the Boyal Society, and in part by a grant from the Scientific Grants Committee 
of the British Medical Association, 
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repiwmtation of tlio movements of tho tongue, wo think it better to arrange the 
facts previously determined in an historical introduction and to subjoin our own 
observations. In this, as in our second paper* on the minuter representation of 
movements in the cerebral cortex, we have, in order to avoid discrepancies in the 
arrangement of the sulci, employed only the same variety of Monkey, viz., Macacrn 
sinicus . In all wo have performed twenty experiments. 


HISTOWKJA h INTRODUCTION. 

Fritsch+ and Hitjsm, in the original memoir which forms tho basis of all modem 
research on the subject, contented themselves with defining the foci of representation 
of movements of the face in the Carnivora. 

HitzigJ later investigated the point in the Monkey. In his paper on equivalent 
regions of the brain in Dogs, Monkeys, and Men, Hrrzrn describes an excitation 
experiment on a Monkey (Imms rhemft). The representation of facial movements 
he obtained in this case was as follows :—The highest point of the facial “ region n 
was “ centre B ” and is figured by him as just above the genu of the fissure of 
Bolando and in the ascending frontal gyrus. At this point he obtained closure of 
the eye and retraction of the ear. Below this point, excitation elicited, in addition to 
the ear movement, contraction of tho mnsseters, then movement of tho lips, and finally, 
at a point just above tbe fissure of Sylvius, tho current produced opening 
(aufsperren) of the mouth. Just above this latter place he obtained retraction of 
the angle of the mouth, and in neighbouring parts movements of tho tongue muscles, 
depressors of the jaw, elevators and depressors of the hyoid bone. All those latter- 
named movements were bilateral, 

Ferrier,§—Ferrier, in the Monkey, determined four points in which are repre¬ 
sented movements of the facial muscles and tongue, as follows:— 

No. 7. (Situated on the ascending frontal gyrus apparently just opposite and below 
the genu of the fissure of Bolando, see further, “ Anatomy,” p. 4), “Betraction and 
Elevation of the Angle of the Mouth and the Action of the Zygomatic Muscles.” 

No. 8. (Situated just below and above sulcus see further, “ Anatomy,” p, 4), 
“ Elevation of the Ala of the Nose and Upper Lip, Associated with Depression of the 
Lower Lip so as Fully to Expose the Canine Teeth.” 

No. 9. (Situated on the lower extremity of the ascending frontal gyrus immediately 
in front of the sulcus % see further, “Anatomy,” p, 4), *'Opening of the Mouth 
with Protrusion of the Tongue.” 

No, lfc (Situated on the lower end of the ascending frontal gyrus between the 

► * * Phil. Trans,/ B, 1888. 

f ‘ ArcMvfiir Anat, (m Eqib-Bbtmosd), 1870,p, 300. 

‘ ' t ‘Hatersuchtragen hter das DeMrn/ Berlin, 1874, p. 132. 

§ ‘ The Functions of the Brain/ 1st ed., 1876, M e<J., 1886. 
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lower end of the fissure of Rolando and see further, “ Anatomy,” p. 4), “ Open¬ 
ing of the Mouth with Retraction of the Tongue.” “ These movements ” (described 
under Nos. 9 and 10) “ are occasionally repeated for some time after the electrodes 
are withdrawn. The movements are bilateral.” 

No. II. (Situated on the lower extremity of the ascending parietal gyrus covering 
the space between the hinder end of the fissure of Rolando and the lower end of 
the intraparietal sulcus,) “ Retraction of the Angle of the Mouth.” “ The action is 
that of the platysma myoides, and when this is strong the head is drawn slightly to 
the side,” 

H. Mtjnk* confirmed the fact that the movements of the face and tongue were 
represented in the Monkey in the area delineated by ITitzig and by Ferrier, but 
did not record minuter details of the localisation. 

Schafer and Horsley.+— These investigators found on sub-dividing the facial area, 
as marked out by Ferrier, that the broad facts described by him were correct, except 
that the upper part of the area was the seat of elevation of the angle of the mouth, 
and that the lower half was the region of retraction of the same. (It may be noted 
that Ferrier, in the last chapter of his book, when he transfers the excitation 
results from the Monkey’s brain to that of Man, places these areas of representation 
in the reverse order, ie. t the same as Schafer and Horsley, and, as will presently 
be seen, the same as we have found it, namely, “Elevation” above “Retraction.) 
They further observed that just below the upper border of the so-called face region, 
ie., just opposite to the lower end of the intraparietal sulcus, the movements of 
winking and of closure (synchronous) of both pairs of eyelids were therein repre¬ 
sented; also that half-way down the vertical limit of the prsecentral sulcus and 
just below it, the movement of drawing in and out of both cheeks was elicited 
on excitation; also that pouting and pursing of the lips were evoked from the 
horizontal strip of cortex running forwards from the lower end of the fissure of 
Rolando towards the prsecentral sulcus; finally, from above the Sylvian fissure and 
between the lower end of the fissure of Rolando and “ v” it was found that the 
tongue was actively retracted and also directed towards the side of excitation. 


Anatomy. 

The excitable region of the cortex which we have investigated in this research 
comprises about the lower third of the ascending frontal and parietal convolutions 
and the commencement of the supramarginal gyrus. More exactly, the area now 
under consideration is bounded below by the fissure of Sylvius, in front by the 

* ‘ Ueber die Funktionen der Grossbirnrinde. Gesaramelte Mittbeilungen,' 2te Auflage, 1890, p, 53, 
also * Real-Enoyolopadie d. Gesammten Heilkunde.’ 

t ‘PHI, Trans.,’ 1888 (paper read February, 1887). For certain minute details see also SohIfeu, 
* Ueber die Motoriscben Rindei>Centren das Ajffqn-Gebirns/ Festgabe z. Oabl Ludwig gewidmet, 1887, 
MDOOOXOIV,—B. G 
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vertical limb of the prsecentral sulcus, and by a line drawn from the inferior end of 
this latter vertically down to the Sylvian fissure, behind by a line drawn from a point 
just behind the anterior end of the intraparietal sulcus vertically downwards to the 
Sylvian-fissure; and superiorly by a line drawn horizontally across the ascending 
frontal convolution on a level with the upper extremity of the prsecentral sulcus 
above the bend in the fissure of Bolando, called the genu (inferior genu), and by a 
line drawn across the ascending parietal convolution from the genu of the fissure of 
Bolando to the anterior end of the intraparietal sulcus. 

In our paper (‘Phil. Trans./ B., 28, 1888) on the minuter representation of the 
movements of the limbs, we have described and figured the anatomy of the excitable 
region, with a minor exception, which we must now notice. It will at the same time, 
perhaps, be useful to enumerate the chief points before described. Beference, more¬ 
over, to fig. 1 (Plate 8) will render this more easy. 

The mode of termination and form of the fissure of Bolando we have elsewhere* 
fully described, and need, therefore, only allude to the inferior genu, as showing the 
position of the borderland between the areas for representation of the upper limb and 
of the face. 

The prsecentral sulcus we have fully described in our first paper in the * Philosophical 
Transactions,’* but we would here refer to two small sulci in the ascending frontal 
and parietal convolutions respectively. In the ascending frontal convolution, at its 
lower part, there is a small vertical sulcus, st in fig. 1, about 3 millims. long, the 
lower end of which is about 4 millims. from the fissure of Sylvius, and it is situated 
about 8 millims. behind the prsecentral sulcus and 5 millims. in front of the fissure of 
Bolando. This sulcus, which is very constant in Macacus sinicus , was figured in a 
previous papert of ours as “v,” and was described by Semon and Horsley! as 
forming the posterior border of the area for the more absolute representation of the 
vocal cords. In the ascending parietal convolutions there is also a slightly marked 
sulcus, ret in fig. 1, about 2 millims. long, situated vertically about 2 millims. behind 
the fissure of Bolando, and the same distance above the fissure of Sylvius and 
below the anterior end of the intraparietal sulcus. This small sulcus, which is not 
so constant as the sulcus “ v” we propose to call “w,” 

These two small-subordinate sulci are termed by Eberstaller, in Man, the sulcus 
transversus frontalis inferior and the sulcus retrocentralis transversus respectively. 

We are inclined to adopt this nomenclature for the lower Monkey also. The point 
is specially discussed by Professor Cunningham: in his memoir “ A Contribution 
to the Surface Anatomy of.the Cerebral Hemispheres” (Eoyal Irish Academy, 
Dublbk, 1892 )* 

, ' 4 ,r . L , . 

* 1 m Trans/Yol. 178 (1887), B, 6, p. 164. 

V , t ‘Nnl. Trans,.'Yol. 178 (1888), B, £. m 

, <. f*m $>«*’ ta isi (i®ojA£.w,. 
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Method of Investigation, including Notation. 

Operation and Method of Recooxling. —In all cases we have exposed the cortex 
cerebri, with the precautions against cooling, drying, &c., described in our previous 
papers. After the opening of the dura mater the sulci were, as before, carefully 
plotted out with fine compasses on paper, ruled mathematically with squares whose 
sides measured 2 millims. In this way, as before said, we obtained a projection of the 
configuration of the cortex, the surface of which was thus already divided into squares 
of 4 square millims, in extent (see Plate 8, fig, 2), an arbitrary number being given 
to denote each square; these were successively stimulated, and the result recorded, 
Throughout this paper we shall refer, as before, to these units of localisation as 
" squares." 

In ©very case the aniesthetic employed was ether, and the animal was killed before 
it recovered from the narcosis. 

Method of Excitation .—The excitation, as before, was applied by fine platinum 
electrodes 2 millims. apart and furnished from the secondary coil of a Du Bois- 
Keymond induetorium served by a one-litre bichromate cell. The strength of the 
faradic current used was very weak, the distance of the secondary coil varying from 
12 to a maximum of 9 contims. Momentary application of the electrodes was also 
resorted to for the detection of the initial contraction, For the complete development 
of any movement, and at the same time ensuring against the incidence of epilepsy, we 
found that usually 2 seconds was a sufficient duration for the stimulus. 

Arrangement of the Results Obtained ,—Even with every effort to obtain an animal 
of the same size and age and of the same variety, it is nevertheless impossible to avoid 
certain minute differences which render difficult the direct transference of the facts 
relating to one square in one animal to another square in another experiment. 

We combined the results of our twenty experiments in the following manner, and 
from control observations subsequently carried out are sure that our procedure has 
not involved any serious error, 

Mode of Notation, —As in each experiment we had made exact drawings of the 
sulci on the ruled paper (see fig. 2), it was easy to denominate the horizontal lines of 
squares in successive order from the fissure of Sylvius by capital letters, viz.:— 
A, B, C, D, E, &o. (see fig. 2), whereas the vertical rows were designated by italic 
letters a, b, c, d, e, &c., commencing opposite the preecentral sulcus and proceeding 
from front to back. 

In this way any given square could be at once fixed and spoken of for example, as 
Ad, Fa, &c. When thus in possession of a general classification the average position 
and inclination of the sulci could be discovered and pricked off 

By this means we constructed fig. 2, in which is correctly given the average position 
of the sulci and size of the gyri in all the cases observed by us. 

Having therefore before us the average configuration of the area under discussion 

G 2 
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and having denominated the squares subdividing it as above stated, the aggregation 
and collocation of the individual observations in each experiment became a very easy 
matter, since for any given portion of the surface explored the result of excitation in 
each animal was placed under the same heading. 

To guard against the fallacy of producing a state of hyper-excitability in any one 
direction and to check our results containing the arrangement of representation, 
whether vertical, or lateral, we moved the electrodes in different experiments sometimes 
vertically from square to square, at other times horizontally. 


Preliminary Considerations. 


Before giving a detailed account of the results obtained in these experiments, it 
will be advisable to say a few words about the phenomenon of bilateral representation. 

Bilateral Representation .—In a previous paper* by us on the excitable fibres of the 
internal capsule the question of bilateral representation was discussed. The views of 
Broadbent were there referred to, viz.:—that bilateral movement was effected by 
impulses passing from the sound hemisphere across commissural fibres postulated to 
exist between the lower bulbo-spinal) centres of the two sides ; we gave also a 
list of movements credited as being bilaterally represented. As this question is so 
important, we have reproduced this list (see Table), and desire to comment further 
upon it. 

Table 1 . —Credited as Bilateral. 


Movements of trank muscles, i.s., rectus abdominis') 

Certain movements of tongue.L , ... . Class I. 

Conjugate deviation of ayes. f Not blla ' toraU y represented. 


Conjugate 
Turning of head 


Retraction of angle of mouth 

Pursing of lips. 

Opening of eyelids . . , 
Closing of eyelids .... 
Opening mouth , , . . 
Elevation of soft palate . . 


:J ■ 


Class II. 
>Imperfeotly bilaterally re¬ 
presented. 


Class III. 


Pouting of lips. 

Mastication . . .i m i ... . ,, 

Swallowing .. >***&. bilaterally repre- 

Adduction of vocal cords ........ J sent ^ 


In our previous paper on the Internal Capsule we showed that movements of a 
special character and which we have placed in Class I. being 'elicited from only a 
definite part of the cortex, could not be regarded as Mag bilaterally represented, ie,, 
as being represented in both hemispheres, and being evoked by excitation of either 
hemisphere, , Consequently, for these movements, no substitution of function by the 
opposite side of the brain is conceivable. 


* ‘Phil, Traas^ vol. 181 (1890), B, p. 73. 
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Wo desire now to say a few words respecting the present use of the term, bilateral 
movement, and also the term, bilaterally associated movement. As regards bilateral 
movement we believe we are right in stating that the general use of this term at the 
present time is partly the same as that of bilaterally associated movement, but this 
second term premises that there is an association between the representations in the 
nervous system of so-called bilaterally associated movements. We venture to think 
that the term bilateral movement should be strictly confined to its simplest meaning, 
via., that in the execution of any definite muscular action or movement the muscles 
of both sides of the body are involved, though not necessarily to the same extent, or 
that the muscles acting are of the same name. We would urge that, physiologically 
speaking, the term bilateral movement can only mean simultaneous action of muscles 
on both sides of tho body, and ought not to be used for the representation of those 
muscles in the nerve centres. We believe that a certain degree of laxity in the use 
of this expression has crept in by the employment of tho word “ associated.” The 
term association connotes physiological co-operation and arrangement in the nervous 
system, i.i\, motor representation when the term is applied to movements. With this 
view the expression '* bilaterally associated movement" has been frequently used to 
characterise the activity of the trunk muscles. We showed in our Internal Capsule 
paper that this was not justified by the facts, since the somatic or trunk muscles 
are aB unilaterally represented, with tho exceptions denoted in Table L, as are the 
limb muscles. This point has been treated of late by Sherrinoton,* who has since 
shown that even the sphincter ani is unilaterally represented. Whatever may be the 
physical condition, i.e., movements of different muscles for the performance of definite 
acts, there does not seem to be any ground for assuming, as has been so frequently 
done, that certain muscles, e,g,, those of the trunk, act in association, or that they 
are, therefore, bilaterally represented. 

Apart from the special physiological interest attaching to this question of bilate¬ 
rality, it is impossible for neurologists to correctly appreciate the pathology of epilepsy 
or the restoration of funotion when certab districts of the cerebral hemisphere have 
been destroyed until this question has been settled, 

ANALYSIS OF RESULTS, 

We have arranged the movements elicited by excitation of the region observed 
according to the following classification. 


* ‘Journal of Physiology, 5 1892, 
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I. Ouieacial Movements. 


A. Face 


(a) Upper faco 


(6) Li pa. 


j (1) Eyelids . . . 

(2) Eyes .... 
L(3) Anglo of mouth 

f (1) Upper Hp . . 
I (2) Lower lip . . 


(o) Lower face 


["(1) Anglo of month . Retraction of . . 

(2) Anglo of mouth . Advancing of . . 

(3) Fuming of month 

(4) Pouting of mouth 

(5) Cheek 
.(G) Chiu 

f (1) MovomontH towards the opposite side 
B. Tongue.< (2) Movements towards tho aamo side 


. \ Closing 

, —..1 Opening 

f Ooiyagftto dovmtion lo 1 0 ik , 

’ \ the opposite aide . . J 11 

Elevation oE . * . . Samo mdo 

{ Opposite side 
Same side 
Bilateral 

fOpposite side 
Sumo sido 
( Bilal oral 
f Opposite sido 
.< Kamo side 
L Bilateral 


f Opposite side 
* 1 Bilateral 


. f Inversion 
. \ 10 version 


0, Lowor jaw 




(3) Bilateral movomeuts 

(1) Single movements . . 

(2) Rhythmical movements . 


/1 intern! 

' \ Vortical 
. Mastication 


JD. Pharynx . 


f Opposite shit* 

f (1) Soft palate (elevation of) .< Hamo sido 


[ (2) Swallowing 


l Bilateral 


II, Movements otherwise than Orifaoial. 

A. Head. 

B. Upper Limb. 

We will now take the movements observed in tho present research, seriatim, and 
give in detail first tho squares in which they are represented, arranging those in the 
order of greatest frequency of occurrence of the movement, Under tho same heading 
we shall treat of the individual points of importance and interest observed for oael 
movement. 


I Orieaoial Movements. 

A, Face, 


(a.) tipper Face, 

(1.) Bepresentat'ion of the Movements of the Eyelids, 

J Opposite eyelids. 


(a.) Closure 
(6.) Opening 


(Eyelids of both sides. 
, Eyelids of both sides. 
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(a.) Closure of Opposite Eyelids (fig. 3).—This movement, which possesses a well- 
defined focus of representation in the Monkey’s cortex, corresponds to that seen in the 
cortex of the Bog (vide Fritscii and llrmci, Ferrier, Luciani, Panetii, and others). 

Closure of the opposite eyelids was noted by us to occur at the following squares in 
the order of greatest frequency, as shown by the numbers :— 


5, 

•k 

3. 

2. 

i. 

Vj 

Vi 

I'Ve 

Ih 

m Fm jy k y 

Oj 

G i 

k 

1‘7. 

li 

i 

m Gtk H J/ Kg 

Km m J7 Kh 

m 3j Ki 


It will be understood that excitation of these points elicited only closure of the 
pair of eyelids of the opposite side to that of the hemisphere stimulated. It is very 
well shown to be unilateral in instantaneous (flash) photographs taken during excita¬ 
tion. We only once observed bilateral action, viz., closure of both pairs of eyelids at G j. 

There is in addition a very characteristic bilateral movement of the eyelids (ie. } 
both pairs), popularly termed blinking, which requires description. This consists of a 
rhythmical closure, or opening of both pairs of eyelids. This is, of course, quite 
different to the movement just mentioned. We observed it to occur in three separate 
experiments upon excitation of the square F 

(b.) Opening of the Eyelids of Both Sides .—'This movement we do not regard as 
being specially represented in the area under discussion (i.e., posterior to the sulcus 
preecentralis, inferior and anterior to the lower end of the intraparietal sulcus), because, 
as has been shown by other investigators besides ourselves, the focus of this movement 
is situated in front of the prsecentral sulcus. We noted it, however, to occur once at 
le in an animal in which the ascending frontal gyrus was exceptionally broad; 

(2.) Representation of the Movements of the Eyes, 

(a.) Conjugate Deviation of the Eyeballs to the Opposite Side to that of Excitation* 
—This well-known movement, the chief focus of which is situated in front of the 
prsecentral sulous, we elicited from the squares— 


Grl 


These squares, it will be seen, are situated at the commencement of the supra- 
paarginal gyrus, or, as it is often improperly termed, the anterior limb of the angular 
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gyrus, wherein this movement 1ms previously so often been observed to bo represented 
(vide Ferrier, Luoiani, Schafer). 

, We observed no other movements of the eyeballs. 

(8.) Angle of Mouth, Elevation of. 

We subdivide the representation of the movement of elevation of the angle of 
the mouth under the following headings:— 

(a.) Elevation of the opposite angle of the mouth, 

(6.) Elevation of the angle of the same side. 

(c.) Elevation of both the angles of the mouth. 

(a.) Elevation of the Angle of the Opposite Side (fig. 4),—This, by far the most 
frequent movement of elevation, was observed at the following large number of 
squares:— 
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As is seen in fig, 4 the focus of greatest representation is at Gg, Ok 
(b.) Elevation of the Angle of the Same Side. —The representation of this movement, 
which from & priori considerations we did not anticipate finding, was observed in single 
instances at squares:— 

" A/ Bj C j D i F h. 

(o.) Elevation of both the Angles of the Mouth. —As a corollary to the facts just 
related* the actual observation of bilateral representation of this movement of eleva¬ 
tion ofeth# angle'of ih$ naouth was seen on two single occasions, viz., at squares— 

; ^‘t’ ’ # v o i Oe. 

This bilater&lity is therefore very rare. 


(b.) Lips. 
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bribing the movements of the hps we have observed occasionally such uni* 
representation: as y ^lead; us to regard the lips? e#., the tipper and the 
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lip individually, and further whether it is of the opposite or of the same side, or 
whether both sides move at once. The movements observed are as follows :— 

(a.) Elevation of the upper lip of the opposite side. 

(b.) Depression of the lower lip of the opposite side, 

(c.) Inversion of the lower lip of the opposite side. 

(d.) Inversion of both lips of the same side. 

(e.) Inversion of both lips of both sides, but especially of the opposite side. 

(f) Inversion of both lips. 

(a.) Elevation of the Upper Lip of the Opposite Side .—This is a rare movement of 
remarkably unilateral character which differs from simple elevation of the angle of 
the mouth in that the ala of the nose is not moved. It was observed to occur only 
once at squares BC f and Cg. 

(I>.) Depression of the Lower Lip of the Opposite, Side (fig, 5),—This movement is 
represented at the following squares :— 
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(c.) Inversion of the Opposite Lower Lip ,—This, as a solitary movement, occurred 
only once at Gl. 

(d.) Inversion of both Lips of the Same Side .—This occurred twice at E&. 

(e.) Inversion of both Lips of Both Sides , but especially the Halves of the Opposite 
Side.~~In this case the whole length of the upper and lower lips was inverted, 
but the opposite halves were affected notably more than those of the same side. 
The movement was found at squares— 



(/) Inversion of Upper and Lower Lip of Both Sides .—This movement is similar 
to the one just described, except that it was completely bilateral, no difference being 
found between the two sides. It occurred once at A g, 13 f B g, B h } B i 9 B/, D i, DJc, E h H 
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(c.) Lower Face, 

We now come to the movements of the lower part of the face and commence with 
those of the angle of the mouth. These may be suitably arranged os follows ;— 

(a.) Extraction of the angle of the Mouth of the opposite side, 


same side, 
both sides, 
the opposite side, 

„ same side alone, 
both sides. 

the same side together with the cheek. 


(M ' » 
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(h.) Depression 

(a.) Retraction of the Angle of the Mouth of the Opposite Side (Plate 8, fig. C),— 
This, with that of elevation of the angle of the mouth, is the most important 
movement of the face, and has long been recognized to be so, In the movement of 
retraction, the angle of the mouth is drawn horizontally backwards without neces¬ 
sarily parting the lips. It occurred at squares— 
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(6.) Retraction of the Angle of the Mouth of the Same Side ,—Particular notice 
must be taken of this movement as it occurs on the seme side as that of the hemi¬ 
sphere excited. It was found in squares— 
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^ is very obvious, 
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(c.) Retraction of the Angle of the Month of Both Sides (fig. 7).—This truly 
bilateral movement was seen at squares— 
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The next kind of movement which wo noticed to affect the angle of the mouth 
was in the opposite direction to that just mentioned of retraction, and may properly 
be described as advancing. In this the angle of tho mouth is drawn or pushed 
forward, and the movement may occur on either the side opposite to that of the 
hemisphere excited, or on the same side, or bilaterally, i.e., both angles of the mouth 
are advanced simultaneously, and, as will be subsequently seen, also accompanied 
by movement of the cheek. 

(d,) Advancing of the Angle of the Mouth of the Opposite —This, the crossed 
unilateral action as generally understood, we only noted to occur in single instances 
at 

m Ge G g G h Ilf Eg. 

(e.) Advancing of the Angle of the Mouth of the Same Side Alone .—This rare 
movement was observed only once at DA. 

(/.) Advancing of the Angle of the Mouth of Both Sides .—This, which is a well- 
marked bilateral movement, is in our opinion the forerunner to the important move¬ 
ments of pouting and pursing of the mouth. We observed it repeatedly at squares, 
viz,:- 
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(g,) Advancing of the Angle of the Mouth of the Same Side together with the Cheek 
This combined action of the forward movement of the angle of the mouth and 
cheek was only observed twice at CA, and must be looked upon as an exceptional 
development of the advancing of the angle of the mouth. 

(A,) Depression of the Angle of the Mouth (ie, } Platysma Action ).—We only 
observed this movement to occur twice, viz,, at centres C g and Oh. 

(3) and (4), Pursing and Pouting .* 

There remain for consideration certain combined actions of the lips and orifice of the 
♦ ‘Phil. Trans,B, 1890, p. 136, 
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mouth which are easily recognized under the cjuasi-popular expressions of pursing 
and pouting, hut which cannot be described sufficiently accurately except by long 
periphrasis. To avoid this we employ the former expressions under the following 
meanings. 

Pursing .—By this term, as we have already described in our paper on the motor 
cortex of the Orang,* we mean the drawing together of the lips, together witli slight 
protrusion, both parts of the orbicularis being contracted, whilst in Pouting the lips 
are strongly protruded, and at the same time they are much everted. 

We may subdivide this subject in the following manner:— 

(a.) Pursing of the opposite side of the mouth. 

(b.) Pursing of both sides of the mouth (bilateral). 

(c.) Pouting of the opposite side of the mouth. 

(rf.) Pouting of the same side of the mouth. 

(e.) Pouting of both sides of the mouth. 

(a.) Pursing of the opposite side of the mouth was only observed once at the 
squares Ec, Erf, Ee, Ig. 

(b.) Pursing of both sides of the mouth occurred at— 
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(c.) Pouting of the opposite side occurred at* 
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W Pouting of the same side of the mouth occurred only once at Dh 
(e.) Pouting of both sides of the mouth was seen at— 
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* ‘M Trans,,’ R, ISO, p. 180. 
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(5.) Movements of the Cheek 

In close relation with the movements of the angle of the mouth are those of the 
cheek, which may he divided into the two following groups :— 

(a.) Flattening of the cheek on the same side. 

(h.) Flattening of both cheeks. 

(a.) Flattening of the Chech on the Same Side (fig. 8).—This movement was found at 
the following squares;— 
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And it was seen to be almost invariably associated with a special movement of the 
tongue, viz.: rolling over of the dorsum to the cheek of the same side (p. 55), so that 
the cheek moved to meet the dorsum of the tongue, and would thus force, and keep 
the bolus of food between the molar teeth. 

It is interesting to note that this movement occurred as a unilateral action and only 
on the same side as that of the cortex stimulated, 

(h.) Bilateral flattening of the cheeks occurred only as a single instance at EA, 
It is, therefore, very exceptional. 

(6.) Movements of the Chin. 

The movements of the chin are the last we have to note, of those observed in the 
lower face. 

They may be considered under the heads of— 

(a,) Elevation of the chin on the opposite side. 

(&.) Elevation of the chin on the same side. 

(c.) Bilateral elevation of the chin. 

(a,) Elevation of the Chin on the Opposite Side .—This is by far the commonest 
movement of the chin met with, and is probably caused by the levator menti muscle* 
It oocurred at—_ 
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(b.) Elevation of the Chin on the Same Side.-—This was very rare and occurred as a 
single observation at Eg. 

(c.) Bilateral Elevation of the Chin. —This occurred only once at squares C h t EA* 

B. Movements of the Tongue (Plate 9, fig. 9). 

The question of the manner in which the various movements of the tongue should 
be grouped was alluded to in the consideration of bilateral representation on p. 44. 
We have decided to divide the movements of the tongue into— 

1. Movements bilaterally represented. 

2. Movements not bilaterally represented. 

They may therefore be arranged in the following order:— 

1, Movements bilaterally represented. 

(1.) Tongue protruded straight. 

(2.) Tongue retraoted straight. 

2. Movements not bilaterally represented. 

(1.) Tongue protruded, tip to the opposite aide. 

(2.) Tongue protruded to the same side, 

(3.) Tongue retraoted on the same side. 

(4.) Tongue rolled over with the dorsum to the oheek o! the same side. 

1. Movements Bilaterally Represented . 

(1.) Tongue Protruded Straight (Plate 9, fig. 10).—This simple bilaterally repre¬ 
sented movement, i.e., which can be evoked equally well from the cortex of either 
hemisphere, was found at the following squares 
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Ih lbie movement the tongue is protruded quite flatly and without any deviation 
of the tif to one side, and without any heaping up posteriorly. 
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(2.) Tongue Retracted Straight .—This was less widely represented than the former, 
and was found at— 


3. 

2. 


J. 

Bh 

Bg 

GV 

Do (t h 

Go 

M 

C h 

m 



Oj 

vj 


2. Movements not Bilaterally Represented. 

(1.) Tongue Protruded ivith the Tip to the Opposite Side (fig. 11).—This is the move¬ 
ment upon which so much stress has been laid in clinical observation, and the real 
nature of which will further on be more minutely discussed, It was found to be 
represented at squares— 
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(2.) Tongue Protruded with the Tip to the Same Side .—This movement, in marked 
contrast to the former one, was obtained three times at only one square, A f. 

(3.) Tongue Retracted on the Same Side. —This movement, which is very slightly 
represented, was found once at Gg. 

(4.) Tongue Rolled over so that the Bor sum comes into contact with the Cheek of the 
Some Side (fig, 12, ef, fig. 8).—This movement is one in which there is no protrusion 
of the organ, but in which it is so rotated on its longitudinal axis that the dorsum of 
the tongue is closely applied to the mucous membrane of the cheek of the same side 
as that of the oortex stimulated, As previously stated, the , cheek of the same side 
is flattened to meet the convexity of the approaching tongue. It occurred at— 
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Consideration of the foregoing Facts with especial Reference to Movements of the 
Individual Halves of the Tongue after Separation along the Median Plane . 

We have already described the movements of the tongue as a whole, and we have 
alluded to the questions of unilaterality and bilaterality of movement of this organ. 
A new and unexpected light was thrown on this subject by the following attempt to 
differentiate the complex movements of the entire tongue, and to determine what 
share is taken by each half in the production of any given action. 

It occurred to us that much might be learnt by regarding the tongue, at least for 
the longitudinal muscles, as constructed of two similar halves; further, that these 
might be separated from each other by a vertical incision in the middle lino, and this 
without injury to the nerve supply of each half. 

Of course we recognize that this procedure involves the median* division of the 
septal origin of the transverse muscular fibres and also the division of any hypo¬ 
thetical nerve fibres crossing the raphe, but this does not invalidate the results we 
obtained, and which show most definitely that the movements of both halves of the 
tongue are represented in the hemisphere of each side respectively. For illustration 
of our meaning, and for the better comprehension of the facts about to be related, we 
may compare the question of this bilateral representation of the movements of the 
respective halves of the tongue with those of the conjugate movements of the 
eyes, and it will be seen presently that the common, and in hemiplegia previously 
supposed unilateral, movement of the tongue is really a conjugate movement. 

The operation of separation was performed by dividing the tongue along the 
median plane from the hyoid bone and root of the epiglottis forward to the genial 
tubercles. As a rule there was exceedingly little haemorrhage, and this was easily 
arrested by pressure. The reflex movements of the tongue were as complete as 
before, showing that the functions of the organ were not interfered with. 

We will now take the movements of the tongue as a whole (see p, 54), and discuss 
in the light obtained by this method how far the change of form of the whole organ 
is dependent on each of the halves respectively; we will therefore take the 
movements in the same order in whioh they "have just been considered. 

Movements Mlaterall/y Represented* 

(1.) and (2.) Advancing and Retraction cf the Tongue .—We observed that in these 
movements executed symmetrically forwards or backwards, each half of the tongue 
germed exactly the same evolution, and in no case could preponderance of action 
Bf»^n to take place on either side. It follows therefore that these movements are 
truly-represented. 

°* ******* P^eed close to the side of the septum, this, of course, 

oiihe traverse fibres to <mtr&cVand so narrow the half of the tongue. 
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Movements not Bilaterally Represented* 

(1.) Protrusion of the Tongue to the opposite side .—From the time of Abercrombie* 
it has been noticed in clinical medicine that in hemiplegia the tongue was protruded 
towards the paralysed side, ie. } opposite to the lesion, and this was assumed to be 
due to the genio-hyo-glossus muscle of tho healthy side {i.c., the same as the lesion) 
pressing the tongue towards the paralyzed side, i.e., away from tho lesion. 

In Carpenter's Physiologyt it is stated that tho deviation is due to the want of 
action of tho lingual muscles of the paralyzed side, the tip being directed by the 
muscles of tho other (he*., healthy) side, “ which will not act in a straight direction 
when not antagonized by their follows." 

In short, it is evident that a general belief exists to the effect that if one side of 
the tongue is being actively protruded, the other half remaining passive tho resulting 
position of the tongue is a deviation towards the paralyzed side owing to the passive 
flaccid condition of the non-acting muscles. The first point which we think requires 
to be definitely ascertained in treating this subject is the determination as to whether 
excitation of one hypo-glossal nerve produces any movement of the tongue across the 
median piano, as is evidently generally supposed. We ourselves having foreseen tho 
complex problems involved in tho movements of this part especially re-investigated, 
by excitation experiments at the base of the skull, the functions of several cranial 
nerves separated from tho medulla. Wo found ('Roy, Soc. Proc./ vol. 44, June 7, 
1888) that excitation of tho hypo-glossal nerve of one side produced in the whole 
tonguo ** flattening posteriorly on the same side and the tip protruded also on 
the same side.” The purely unilateral character of the movement was further 
established by experiments in which the tongue was divided longitudinally to the 
hyoid bone when the movements were seen to be entirely confined to the side 
stimulated. 

It will therefore be seen that stimulation of the hypo-glossal nerve of one side does 
not protrude the tongue towards the opposite side. 

We will now proceed to describe what happens to the individual parts of the 
tongue when in tho left cortex the squares for the representation of protrusion of the 
tongue to the opposite side are excited. Instead of the right half of the tongue 
remaining passive as has’ always been presupposed by anatomists and clinicians, 
we discovered that when the left cortex was stimulated the following remarkable 
conjugate movement occurred ;—the left half of the tongue was advanced beyond the 
teeth, whereas the right half was actively retracted into the mouth. It is perfectly 
obvious therefore, that this movement of protrusion of the tongue to the opposite 

* * Pathological and Practical Researches on Diseases of the Brain and Spinal Cord,’ Edinburgh, 1834, 
p. 271. 

f Carpenter'S * Physiology * edited by Power, 7th edition, 1869. Compare also Ross' ‘ Treatise on 
Diseases of the Nervous System,’ 1883, and Gower’s ‘ Diseases of the Nervous System,* 1888. 
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side from stimulation of the cortex is exactly comparable to tlio conjugate movement 
of the eyes to the opposite side when the same hemisphere is excited. In this way 
the right half of the tongue would correspond to the right external rectus, and the 
left half of the tongue to the left internal rectus. In each case wo have the combination 
of two opposite movements for the production of one resultant action. The opposite 
character of the movements of the two halves of the tongue was emphasized in a 
very remarkable degree when there was epileptic disturbance of the cortical focus in 
question. In the clonic spasm of the epileptic fit the two halves performed remark¬ 
able “ see-saw ” contractions, that of the same side being shot forwards at the same 
time as the opposite half was retracted. On several occasions we observed that 
retraction of the opposite side not only began before the protrusion of the sumo side, 
but actually in a few instances it occurred alone, thus showing that it is probably the 
more important movement of the two. We are now in a position to examine into 
the condition of the tongue as observed in hemiplegia, Unfortunately the clinical 
examination of the tongue has hitherto not been conducted so thoroughly as its 
importance warrants; and in fact, clinical observation is usually limited to noticing 
whether the tongue is deviated to one side when protruded, without further 
exploration of other movements. This is doubtless due to the fact that the move¬ 
ments of the tongue generally have hitherto not been completely ascertained. 
Although this makes the task of explanation very difficult and for the present 
impossible, we take leave to point out that the accepted views are plainly contrary to 
fact and will have to be altered. 

(2.) Rolling over with the Dorsum directed towards the Chech of the Same Side .— 
This movement we found to be distinctly compound in character, both separated halves 
of the tongue rolling to the same side, In the execution of this movement the 
mucous membrane of each half of the tongue was turned so as tp be directed towards 
the left cheek, as a result the cut surfaces glided upon each other so that the two 
halves were arranged en Echelon in place of being in line; the cut surface of the 
same side being directed upwards and that of the opposite side downwards. 

Each half of the tongue therefore executes a rotation around its longitudinal axis, 


Vertical Arrangement of the Representation of the Movements of the Tongue , 
Reference to the diagrams (Plate 9, fig* 5, &c.) will show that a very definite diffe¬ 
rentiation of the representation, of the tongue movements can be made as follows. In 
the upper part- of the area, £e,, just below a line drawn between the upper end of the 
precentral vertical stem and the genu of the fissure of Rolando, the action of 
t of idre tongue with the tip directed to the opposite side is elicited on 
.^■pn the contrary, the movement of retraction is represented at the lowest 
aie'a, i.e., around the lower end of the fissure of Rolando. Inter¬ 
est© the, upper. end of the sulcus transveraus frontalis mferior 
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0. Movements of the Lower Jaw . 

The movements of the lower jaw may be divided into :— 

1. Single movemcniH. 

(1.) Opouiug tlio mouth straight. 

(2.) Opening of tho mouth with tlio lower jaw dirootod toward* the «nmo «ido. 

(II.; Opening of the mouth with the lower jaw directed towards tho opposite side. 

(4.) Shutting tho mouth. 

2. HhythmieiU. 

(1.) MaRtication, 

X, Single Movements, 

By the term u opening the mouth ” we understand that the lower jaw is depressed. 
This movement wo have observed to occur without necessarily separating the lips, 
which additional passive action, however, nearly always happens concurrently. We 
therefore consider these two cases. 

We look upon the movement as being accomplished by the muscles of both sides, 
but we have no evidence to show whether they act concurrently and whether the 
movement, if it doos not deviate from the middle line, is capable of being produced 
by the muscles of one side only. It is known that if on© external pterygoid muscle 
act ahmo, tho jaw on being depressed is carried towards the opposite side, and 
we therefore assume that this occurs when the jaw deviates towards one side or the 
other, 

(1.) Opening the Mouth Straight (fig. 13),—In this movement the jaw is depressed 
exactly straight along the line between the two central incisors. It was found at— 



(2.) Opening the Mouth with the Lower Jaw Carried to the Same Side (fig. 14).— 
In this movement, with stimulation of the left hemisphere, the lower jaw as it 
descended moved markedly towards the left side; this we take to be due to the fact 
that either the right pterygoid muscle alone was in action, or that it overpowered 
that of the left side, While as just seen the commonest movement of depressing the 
lower jaw in opening the mouth is the bilateral or straight movement, where any 
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deviation was noticed, it was tliis one of the lower jaw passing to tho same wide as 
that of the cortex excited. This might have been anticipated from what has been 
stated, as it is obviously an instance of the ordinary crossed effect of stimulation. 
This movement occurred at— 
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(3.) Opening of the Mouth with the Lower Jaw carried to the Opposite Side. —This, 
which is the converse of that described, and was very raroly observed, is conceivably 
due to the action of the external pterygoid muscle of the same side, and was obtained 
only once at two squares, A d, Ac. 

On looking at the previous Table it will bo seen that tho movement of the jaw 
towards the same side was also obtained twice at Ac and once at A d, thus showing 
that thore are squares where the differentiation of the movement of the lower jaw 
towards the opposite side was incomplete, its production being duo, therefore, more 
or less to an accidental causation. 

(4.) Shutting of the Mouth .—This well recognized movomont of closing the mouth 
was, to our surprise, obtained at only one square, viz., I )h. By this movement wo 
mean simply raising up the depressed lower jaw, without any further action, and tho 
very small representation of this deliberate act is in marked contrast to that of tho 
rhythmical movements to he next described. 


2. Rhythmical Movements. 

% (1) Movements of Mastication (fig. 15).—By the term u mastication u we mean 
that on the application of the electrodes to the cortex, the lower jaw begins to execute 
a series of rhythmical movements of grinding of the teeth. To describe the move¬ 
ment in detail :—the mouth is opened, the lower jaw depressed and carried towards 
the same side, and then the mouth is closed by raising the lower jaw; directly the 
teeth are separated the tongue is advanced, and it is retracted immediately before the 
.teeth come together again; this latter movement of the tongue is thus dependent on 
and coincident with, the action of the lower jaw. This complex 'act of mastication 
nediately the electrodes are applied, and continues until the electrodes are 
-it ceases. The movement is what would generally be termed that of 
pronounced type, and m such it differs somewhat from the 
«. hyv Professor Fmmm, in that he does not seem to have observed 
'The most important point concerning it is 
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that it is an instance of rhythmical discharge of the cortex evoked by a constant 
stimulus, and lasts only during the duration of the excitation. So far as we know, it 
is the only truly rhythmical action following on stimulation of the cortex.* 

With a view to seeing what tins rhythmical rate might be we observed the time of 
it in seventeen eases, and found it to bn on an average 1*35 movements per second, 
the most rapid rate observed being nine times in five seconds, and the slowest being 
one in one second, and each of these extreme cases was noted three times. 

This compound act was observed at— 
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Grinding of the Tenth. —On iliroo occasions the tooth wore observed to grind during 
the net of mastication, and in two of those the movement of the jaw was traced and 
found to pass from the opposite side to the same side. The squares where it was 
observed were Ad, Ac, A/, 

Movements of the Pharynx . 

In observing these movements, we kept the mouth forcibly opened, and recorded, 
as far as possible, the movement of, 1, the soft palate; and 2, that of swallowing. 

1. Movements of the Soft Palate (fig. 16). 

We may arrange the movements of the soft palate os follows :— 

(1.) Elevation of the soft palate on the opposite side. 

(2.) Bilateral elevation of the soft palate. 

(8.) Bilateral elevation of the soft palate, commencing with elevation of the opposite 
side, followed later by that of the same side. 

(1.) Elevation of the Soft Palate on the Opposite Side.— This movement of the soft 
palate, when viewed in the manner described, is quite unmistakable when it occurs ; 
but it has to be carefully distinguished from the irregular movements of the arches of 
the fauces, when these are drawn forward by the tongue and by the movements of 
this organ itself. The movement was only observed once, at B d\ and at the same 
* Compare as an imperfect rhythm the act of blinking, see p. 47. 
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place slight opening of the mouth and protrusion of tho tongue to tho opposite side 
were noted. 

(2.) Bilateral Elevation of the Soft Palate .—This movement, which is the commonly 
understood effect—viz., the raising of the whole soft palate—was seen only four times, 
viz., once at squares A d, Ae, Bd, C<& Of these at Ad, B d, Vd, this was tho only 
movement obtained; while at Ae there was also the movement of mastication. 

The foregoing refers to experiments in which the observation of tho Hoft pulato was 
made at the end of the exploration. It occurred to us that possibly tho paucity of 
these results was due to exhaustion of the cortox. We therefore devoted two experi¬ 
ments to examine this point first, with the effect that wo obtained very definite 
localisation of the palate movements. 

(1.) Elevation of the Soft Palate on the opposite side. 
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(2.) Bilateral Elevation of the Soft Palatu 
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(A) Bilateral Elevation commencing with elevation of the opposite side, followed 
later by that of the same side. 
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2, Movement of & wallowing. 

This movement was observed once at four squares, viz.:— 

A d % Ce., Oj, l)/! 

The paucity of representation is perhaps accounted for by the movement of 
swallowing in the Monkey being more automatic than is generally considered to 
be the case, but it is possible that the effect of exposure may influence the result. 

In relation to this question, the recent observations of Goltz,* in which he 
successfully removed both cerebral hemispheres in the Dog, leaving only the cere¬ 
bellum, pons, bulb, and posterior corpora quadrigomiua intact (the anterior partially 
so), and kept the animal alive for many months, must be specially mentioned. The 
animal had to have milk poured down its throat through a tube, because the act of 
swallowing was so far interfered with that fluid almost always escaped into the 
larynx. Tn two months after the operation, it would, when its nose was touched 
with a piece of meat, seize it, masticate it, and swallow it without any assistance. 
There seems, therefore, on the whole, to be no real reason why in the Monkey the 
cortical representation of swallowing should he more extensive than such as we find 
it to be. 


IL Movements otherwise than Orifacial. 

In exciting the area under examination, since we were devoting ourselves especially 
to the orifacial movements, wo only noted the concurrence of movements of other 
parts of the body when those appeared to us anomalous, and in order to satisfy 
ourselves of the extent of such extra movements, and to control the observations 
which we made in 188G, and also to ascertain to what extent the orifacial area 
overlapped the neighbouring areas. 

The movements thus noted comprised those of the head and of the upper limb. 

A. Movements of the Bead, 

Since the region which we have explored in the present research is in direct 
continuity with the supramarginal gyrus, and this with the anterior limit of the 
angular gyrus, it was to be anticipated that we should observe movements of the 
bead and eyes to the opposite side, inasmuch as Ferrier, ScjhIfer, and others, 
observed these movements to occur from excitation of this region. The movements of 
the head which we noticed were (1) the turning of the head to the opposite side, 
and (2) retraction of the head, 

# * Arcfciv fib? d. G-esammte Physiologic ’ (Pfiajger), vol* 51, p, 570, 1892. 
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( 1 .) Turning of the Head to the Opposite Side.— This movement, where the head is 
turned away from the side of the cortex stimulated, was found at the following 
squares :— 



The representation of this act is, therefore, round the fringe of the orifacial 
representation, especially at the posterior part near to the supramarginal gyrus, and 
also at the upper part of the region where it borders on the area representative of 
this movement in front of the proecentral sulcus. 

(2.) Retraction of the Head. —Similarly the rarer movement of retraction of tho 
head was noted to occur once at each of the following squares :—0/, C h, Vh, Vi, 
Fj, FA, Fi, F7c, I g. 

B. Movements of the Upper Limbs, 

Although we noted the various movements of the segments of the upper limb we 
did not record the occurrence of the same in the present work with detail, but we 
have made a considerable series of observations to re-investigate the question of over¬ 
lapping, and the extent of border centres, and recorded also certain anomalies of 
representation. In the present instance we have specially noted the lowest points at 
which movements of the upper limb could be elicited. These when arranged give the 
following results, commencing with the thumb and fingers, which according to our 
observations, both in 1886 and in the recent experiments, are the lowest segments 
represented. 

In front of Rolando. Behind Rolando, anomalous. 

Thumb . D d De Eif % Qh m Of Ok 

Fingers .... Do D d De E/ Fff Qh Qj Eh J)l Dm. 


It contrast to these segments we give- the lower limits of the representation of the 
elbh^ and shoulder, as found in the present experiments. 
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In front; of Rolando. Behind Rolando, anomalous. 
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These lower borders of tho upper limb area of representation correspond absolutely 
closely to the levels given in the paper in *Philosophical Transactions,* 1887. 

In addition, however, we observed, to our surprise, that we occasionally obtained 
from the cortex of the foot of the ascending parietal gyrus movements of the upper 
limb, and not merely of the lowest segments, but also of the shoulder. Of fifteen 
experiments we noted at Oh that tho thumb was flexed .-twice, the fingers flexed 
twice in the interosseal position, and the shoulder adducted once at 01. The great 
rarity of this representation of the shoulder so low down on the outer or convex 
surface of the hemisphere, shows that it is quite exceptional, and no explanation of 
its occurrence in the evolution of the function of this part presents itself to us. 


MDCCCXCiv.—B 
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T. protr. tip to opp. side, 2. M. Z, same side re' 





! Number j 
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Cheek flattened, 2. 
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Table I continue 
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Fk M opp. Z M. bilat. M. open str., 2. Mastic., 1. M. same Z Opp. chin Hd. retr., 1. 

retr., 4. pout., 3. elev., 1. eley., 1. 

op p z T. dors, to same T. protr. tip to opp. side, 1. Opp. lower lip M. bilat. purs., 

elev^ 4. side, 2. depress., L 

FJ M opp. Z Opp. eyelids M. opp. Z Elb. flex., 1. Hd. retr., 1. T.protr. tip to T. protr. str., 1 

retr., 7. closed, 4. elev., 3. opp. side, 1. 











Thumb, & M. opp. t ekr.,4. H. opp. JL retr., 3. Opp. lower lip de- Bd.to opp. side, 1. 

press, '2. 

Fingers, 4. Opp. eyelids cIose f 2. 

Thumb, & Opp. eyelids M. opp. Z retr., 1. IT. opp. C eler.. 1. Opp. lip depress., 1. Sh. 1. Fingers, 

close, 3. 

Elbow, 1. Wrist, 1. 





Table L (continued). 
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MARCHES. 

Under this heading we wish to describe, in the meaning of the word as originally 
used by Dr. Hughlings Jackson, such sequences by movements an wo occasionally 
observed to take place. 

At the outset we would state that a groat difference chametermoH the area of 
representation for the face as contrasted with that for the limbs. Whereas it was 
possible in the case of the limbs to make out a definite march for individual purla of 
the cortex, we have not been abie to find sufficient examples of stick similarity as to 
justify us in attributing a definite march to the different parts of tho area of repre¬ 
sentation for the face, but although this exact localisation is not possible tho repre¬ 
sentation of the primary movement, ns given in the accompanying list, b such as we 
have already described in each case. 

We have therefore simply appended a list of the sequences of movements or marches 
arranged in the order in which they most frequently occurred. 
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Table II. 


JV1 arclioH. 


Primary 

$ecmulary 

Primary 

Secondary 

Tertiary 

Primary 

Secondary 

Primary 

Secondary 

Primary 

Secondary 

Primary 

Secondary 

Primary 

Secondary 


Primnry 

Hmimhtry 

Tertiary 

Primnry 

Secondary 

Tertiary 

Primary 

Secondary 

Tertiary 

Primary 

Secondary 

Tertiary 

Primnry 

Secondary 

Primary 

Secondary 

Tertiary 

Primary 

Secondary 

Tertiary 

Primary 

Secondary 

Primary 

Secondary 

Tertiary 

Primary 

Secondary 

Primary 

Secondary 
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Number of 
sqnai'QR at which, 
observed. 


Mouth opens. 

Mnatiention movements, tongue protruded . . 

Bilateral pouting. 

Mouth opens* jaw to same side . . . 

Mastication movements. 

()ppomto angle retracted or elevated . 

Tongue protruded, tip to opposite side 

Both angles bilaterally retracted.1 

Month opens, tongue tip to opposite side. . . ./ 

Mouth retracted to opposite side, opposite lowor lip 

inverted... 

Opposite eyelids closed. 

Month opens. 

Tongue protruded, tip to opposite side .... 

Mouth opens. "1 

Masticatory movements, tongue protruded to op- ? 8 

posite side, and retracted. J 

Boating or pursing of lips. .1 

Opposite angle retracted 8 

Tongue rolled to same side . ..J 




Pouting or pursing .. 

Opposite angle retracted or elevated 
Elevation of opposite lowor lip . . 


Anglo of mouth retracted on same side .... 
Mouth opens with retraction of opposite anglo . . 

Mastication with protrusion of tongue. 

Mouth opons straight .... 

Tongue advanced .. 

Both angles of mouth retracted . 

Mouth opens wido. 

Tonguo retracted concave to opposite side, dorsum 
' to same cheek ... 

Opposite lowor lip rolled in. 

Opposite upper lip rolled in.. . 

Opposite angle of mouth retracted ....... 

Pouting and pursing, especially of opposite side . 
Opposite lower lip everted and depressed . f . 
Opposite angle or mouth retracted . 

-Mouth opens ........ 

Tongue pro traded to same side , . 

Mouth pursed up.. . 

Mouth opened ........ 

Tongue rolled over to same side . . 

Pursing of mouth. 

Closed mouth drawn to opposite side 

Opposite eyelids olosed, opposite aide of mouth 
retracted 

Opposite lower lip invertod. 
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Description of Plates* 

Note.—I n constructing the figures, the actual number of dots represents the 

precise number of cases in which the movement was elicited at that particular square, 

PLATE 8. 

Fig. 1. Photograph of the outer surface of the right cerebral hemisphere of the 
Bonnet Monkey (Maoaous sinious). The shaded lines indicate the area 
which is the object of the present investigation. 

Sy. = Fissure of Sylvhjs. 

R. ss Fissure of Rolando. 

I.P, as Intrapariefcal sulcus. 

Pc. = Preecentral sulcus. 

S.F.S. = Superior frontal sulcus. 

S.T. =s Sulcus frontalis brans versus inferior. 

Rc.t. = Sulcus retrocentrails transversus. 

Fig, 2. Drawing of the portion of the left cerebral cortex under observation on the 
paper ruled in squares of 2 millim, sides similar to that used in each 
experiment. The fissures and sulci indicated are the average of all the 
twenty experiments, as described in the text. The squares are, as shown, 
denoted by the double enumeration of capital letters and italics. The 
lettering for the fissures and sulci are the same as in fig. 1, except F.U t 
which is the same as SX 

Fig. 3 shows the localisation of the representation of the movement of the closure of 
the opposite eyelids. 

Fig, 4 shows the localisation of the representation of the angle of the mouth of the 
opposite lip. 

Fig, 5 shows the localisation of the depression of the lower lip of the opposite side. 

Fig. 6 shows the localisation of the retraction of the angle of the mouth of the 
opposite side* 

Fig. 7 shows the localisation of the retraction of the angle of the mouth of both sides. 

Fig. 8 shows the localisation of the flattening of the cheek on the same side. 




PLATE 9, 


the localisation of the representation of all the movements of the whole 
opgue. general view,, The horizontal lines denote the representation 
of the tongue; with deviation of the tip to the opposite 
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Hide; tho vertical lines denote that of rolling’ over of the tongue on its 
longitudinal axis with the dorsum directed towards the cheek of the 
same. Hide; the linen sloping forwards and downwards denote that of 
protrusion of the tongue straight; the lines directed downwards and 
backwards denote that of retraction of the tongue. 

Fig. 10 shows the localisation of the representation of tho movement of protrusion of 
the tongue straight. 

Fig. 11 shows the localisation of the protrusion of tho tongue with the tip to tho 
opposite side, 

Fig. 12 shows the localisation of tho rolling over of the tongue with its dorsum to 
tho cheek of tho same side. 

Fig. Jii shows the localisation of the opening of the month straight. 

Fig, 14 shows the localisation of the opening of the mouth in which tho lower jaw is 
carried towards the same side. 

Fig. 15 shows the localisation of tho rhythmical movements of mastication. 

Fig. 16 shows the localisation of the elevation of the soft palate, 
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IV. On some Histological Features and Physiological Properties of the Post - 
(Esophageal Nerve Cord of the Crustacea. 

By W. B. Hardy, B.A., Shuttleworth Scholar of GonviUe and Caius College , and 
Junior Demonstrator of Physiology in the University of Cambridge. 

Communicated by Dr. Gaskell, F.R.S. 


Uccoivod Juno 17,—Hoad Juno 18, 1891,—Revised January 31, 1893. 


[Plates 10-13.] 

About two years ago, at tlio suggestion of Dr. W. IT. Gaskell, F.RS., I undertook 
the examination of tho minute anatomy of the nervous system of the Crustacea. 
Certain of tho results of tho investigation are incorporated in the following paper. 

Tho nervous systems of Branchippus , of Astaous , and of the Zooea larva have been 
examined, but the following pages are limited, almost exclusively, to the two first- 
mentioned. 

I have to thank Dr. Gaskell and Mr. Langley for the many suggestions with 
which they have aided the work, and Professor Foster, Secretary, Royal Society, for 
the kindly interest he has shown in my investigations from their commencement, an 
interest which is extended to all those who have the good fortune to assist him in his 
professional duties. I am indebted to Mr, Bateson, of St. John’s College, for some 
carefully preserved specimens of Branchippus and Artemia. 

Part I,— The Post-CEsophageal Nerve Cord oe Branchippus . 

The central nervous system of Branchippus is of special interest as an example of 
the conditions found in the most primitive Crustacea, It consists of a well-developed 
supra-oesophageal ganglion, or brain, connected with a small dorsal median simple 
eye, and a pair of laterally placed compound eyes. This ganglion also innervates the 
first pair of antennee. From the brain a pair of longitudinal ganglionated nerve cords 
pass backwards. These are connected with one another in each segment by a pair of 
transverse commissures, except in the most posterior part of the animal. The whole 
nervous system shows many primitive features, it is connected with the ectoderm in 
many places, shows little trace of fusion in the mid-ventral line, and has nerve cells 

M 2 8.8.94 



84 


MR. W. B. HARDY OH SOME) FEATURES AND FRO PERT IKS OF 

very diffusely scattered about it. Generally speaking, both the brain and the nerve 
cords arising from it consist of a central fibrous core, the fibres of which form an 
exceedingly fine plexus. This is tlio “ Punktsubatanz ” of Lkviuc * and the nerve 
cells lie wholly on its surface. 

Posterior to the (esophagus there are sixteen well-marked ganglia. These are 
respectively one mandibular, two maxillary, eleven corresponding to the eleven 
foliaceous swimming appendages, and lastly, two closely approximated ganglia, 
situated posterior to the appendage-bearing region, and related to the genital organs. 
Posterior to these again, in the abdominal region, are two very slightly developed 
ganglia. The oesophagus is surrounded by a ring of nervous tissue which forms a 
single remarkable ganglion connected with the sensory surfaces of the lips and from it 
a pair of nerves pass to the second pair of antenna). There are thus posterior to the 
brain nineteen ganglia, as follows:— 

1. The oircumoral ganglion connected with the sensory surfaces round the mouth 
and the second pair of antenna), 

2. The mandibular ganglion. 

3. The ganglion of the first pair of maxilla*. 

4. The ganglion of the second pair of maxilliu. 

5 to 15. The ganglia of the eleven pairs of swimming appendages. 

16, 17. The genital ganglia. 

18, 19. The abdominal ganglia. 

* The ganglia are separated from one another by portions of the cords absolutely 
unconnected by transverse commissural fibres. 

In the inter-ganglionic regions each cord is rather rounded in transverse section 
(fig. 1,), and free from the ectoderm, but as the ganglia are approached a continually 
closer connection with the ectoderm obtains. In its free or inter-ganglionic part a 
delicate sheath with small deeply staining nuclei invests the cord. Passing from 
the middle region towards the ganglion above or below, nerve cells become more 
numerous, always immediately underlying the investing sheath. One striking fact 
thus becomes evident in this primitive nervous system, namely, that there is no sharp 
line of demarcation between ganglionic and inter-ganglionic, or strictly conducting 
regions. Further, the fibrous core in this latter region is seen in longitudinal sections 
to consist of longitudinally arranged fibres which stain well with carmine stains. 
Connecting these, however, in many cases arc more delicate filaments which run 
obliquely, so that the whole instead of being merely a bundle of parallel fibres, may 
be more exactly described as a plexus of which the longitudinal strands have been 
relatively exaggerated, 

The shallow groove on the ventral surface of the animal and between the nerve 
eord& deepens considerably just posterior to the mouth, and is there lined by elongated 
sense cellSfabundantly supplied with nerve filaments, thus forming a sensory pit 

1 ’ ' ’' ^ 'tortnw* ‘ Handbucli d, vergleioh. Anatomic/ vol. 1, Tftbingen, 1864. 
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between the mandibles. In the thoracic region the groove is very shallow in the 
inter-ganglionic regions, hut deepens between the ganglionic enlargements. In this 
groove is a line of sense cells on either side of the mid-ventral line. They are especially 
prominent near the ganglia. We may, therefore, say that there exists on the ventral 
surface a pair of almost continuous sense lines, situated on the ridge bounding the 
ventral groove, and perfectly segmented in correspondence with the ganglionic 
segmentation of the cords. They meet just posterior to the mouth in a deep sense 
pit or groove (fig. 2), which again, in its turn, may be regarded as a backward con¬ 
tinuation or thickening of the sense ring round the mouth. The arrangement of these 
ventral sense cells will be seen to have an important bearing on the disposition of the 
sensory elements of the cord. In the inter-ganglionic, as well as in the ganglionic 
regions, filaments pass from these ventral sense cells to the cells of the cord. 

Structure of a Typical Ganglion. 

For purposes of description I will choose the ganglion related to the third pair of 
swimming appendages. It consists of a double thickening of each nerve cord, so that 
on either side are anterior and posterior swellings, each connected with its fellow of 
the opposite side by a transverse commissure. Seen in transverse section (figs. 4, 5, 
and 6), each of these thickenings is oval, the long axis being horizontal, and from the 
outer border of each a distinct nerve passes. Each ganglionic swelling, besides being 
intimately connected with the subjacent ectoderm, abuts dorsally against the gut* 
Between tho anterior and posterior swellings on each side, and lying partly wedged 
in between the lateral extension of the oval nerve cords and the ectoderm, are 
a pair of large vacuolated cells with large granular deeply-staining nuclei (fig. 6). 
These are the peculiar segmental excretory glands described and figured by Pro¬ 
fessor Cl A us. t The anterior and posterior portions of the ganglion present profound 
differences in the arrangement of their elements, and these differences are constant 
throughout the entire thoracic region. 

The Anterior Half of the Ganglion (figs. 4 and 5). 

At its anterior end the ganglion commences by an increase in the number of the 
cells on the internal edge of the cord; these rapidly expand into a well-marked group 
of multipolar cells. The delicate membrane previously described as enveloping the 
cord becomes discontinuous over these cells, allowing them to extend themselves both 
underneath the cord, and also beyond the cord laterally, always in most intimate 

r * Similarly, tke pre-cesoptageal ganglion or train lies beneath and in close contact with a pair of 
anteriorly directed diverticula of the mesenteron. 

t Claus, “Untersnch. liter d. Organisation u. Entwickel. v. Bmnchippw n. Artemia” ‘Art. aus 
Wien/ vol, 6, p. 267., 
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connection with the ectoderm. There is thus formed a flute of rdk which extends 
under the entire ganglion, dying out at either end only when tho mini -ganglionic cord 
loses its close and immediate connection with the ectoderm, hrom tin* most external 
of these cells delicate processes pass> which branch and end in various ectoderm cells 
on the ventral surface external to the ganglia, and furnished with sense hairs, and we 
have here every intermediate condition, between ectoderm cells which arc almost 
continuous with nerve cells, to ectoderm cells connected with the ganglion colls by 
comparatively long processes (fig, 4). From their connections with tho ectoderm this 
ventral group of nerve cells would appear to ho sensory in character, and to form a 
sensory system which does not give origin to a definite sensory nerve. T hey are 
connected with the imperfectly segmented series of sense cells which occur on the 
ventral surface in close connection with the nerve cords. 

On the inner dorsal angle of each of the anterior ganglionic swellings is a coll group 
(figs. 4 and 5, int. dorsal cells), the cells of which give off processes to the anterior 
commissure, and are also connected by a dorsal series of aveuato fibres with a third 
group of cells on the outer dorsal edge of the anterior ganglionic swelling (ilnd., ext. 
dorsal cells). These external dorsal cells, though abutting on the external cells of the 
ventral sense plate, yet differ from them in size and in the fact that from thorn a bundle 
of fibres passes through the ganglionic plexus to form the anterior part of tho anterior 
commissure (fig. 4). The posterior part of the anterior commissure is composed of 
fibres which traverse the ganglionic plexus and pass directly out as part of tho out¬ 
going nerve bundle (fig. 5). These decussating fibres thus divide the plexus of each 
anterior swelling into dorsal and ventral portions, of which tho latter is finer and 
denser in character. 

We can therefore distinguish in each half of the anterior portion of tho ganglion 
three cell groups: (1) the ventral group, which extends under the entire ganglion; 
(2) the external dorsal group, from which decussating fibres pass, forming the anterior 
portion of the anterior commissure; (3) the internal dorsal group. The external and 
internal dorsal groups are connected by a bundle of dorsal arcuate fibres. 

The mterior pair of nerves plunge immediately into the lateral mass of muscles, 
and, turning dorsalwards and outwards, pass into the upper part of the appendage, 
giving off motor fibres to the- various muscles as they pass them. These end imme¬ 
diately in the neighbourhood of one of the nuclei of the curious granular protoplasmio 
sheath which, more or less completely, envelopes the transversely striated contractile 
portion of the muscle fibre (fig. 7). The anterior pair of nerves thus are mainly, if 
not entirely, motor. Careful searching with a ^yth objective failed to discover a 
case of undoubted connection with the ectoderm, Fibres can be traced into each 
anterior nerve from both the external and internal dorsal cell groups of its own side* 
These aosb either directly from the cells, or as lateral branches from processes of the 
cells tvM(A i|f iloet in the plexus. A bundle of fibres also passes directly from the 
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posterior portion of the anterior commissure directly across the plexus into each of 
the anterior nerves. 

We have already seen that the fibres of the anterior commissure not only con¬ 
tribute to the formation of the anterior nerves, but also pass to the two dorsal cell 
groups. It is thus possible that the directly decussating fibres of the anterior nerves 
are in part connected with the dorsal cell groups of the opposite side. 

Borne of the fibres of each anterior nerve may be traced directly into the more 
dorsal portion of the ganglionic plexus. These probably are connected with nerve 
cells by lateral branches, but the connection cannot be seen in sections. It is 
probable from the fact that a large number of the fibres of the anterior commissure 
end in the plexus, that a crossed connection exists between each anterior nerve and 
the plexus of the opposite anterior ganglionic enlargement. 

The following, then, are the central connections of each anterior nerve :— 

1. With both external and median dorsal cell groups of each side, but mainly with 
those of the same side. 

2. With the dorsal plexus of each side. 

Finally it should be remembered that the dorsal cell groups of the same side are 
connected by the dorsal arcuate fibres. 

Those dorsal colls and the dorsal coarser fibrous reticulum I regard as the motor 
portion of the anterior half of the ganglion. 

It may be well here to emphasize the fact that the elements of the entire ganglion 
are placed in the most intimate connection by means of the complex central plexus. 
No conception of this primitive nervous system will be an adequate one which does 
not realize the fact that it is throughout a cell and fibre plexus condensed along 
certain lines. Even the well-marked bundle of fibres passing from the commissure 
direct to the anterior nerve is, in its course through the ganglionic plexus, intimately 
related to, and obviously a part of, that structure, being connected with it by 
filaments. 

The posterior half of the ganglion (fig. C) is very different in its arrangement from 
the anterior part just described. It consists, like the former, of a swelling on each 
nerve cord, which is oval in transverse section, and of a pah of nerves, one on each 
side, arising from their lateral aspects. The posterior ganglionic enlargements, like 
the anterior swellings, ore connected by a transverse commissure. But while the 
anterior commissure lies in close contact with, and is intimately related to the ventral 
ectoderm (fig. 4), the posterior commissure arches freely above it. 

The cells of the posterior ganglionic swelling on each side form three groups:— 

1. A median group placed at the junction of the commissure with the cord (fig. 6, 
median group). Each cell gives off a strongly marked process to the commissure, 
while, on the external side, it contributes processes to the ganglionic plexus. The 
commissure stretches between these cells, and appears to communicate only with 
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them, neither contributing directly to the formation of the posterior nerves, nor 
sending fibres directly into the plexus, as is the case with the anterior commissure. 

2. An external lateral group of cells which give off marked coll processes into the 
plexus, while on their outer side they give origin to part of the outgoing nerve. 

8. The ventral cells before mentioned which are continuous with the ventral cells 
found beneath the anterior portion of the ganglion and have the same commotions. 

The posterior nerves pass outwards, but take a course, much mure ventral than 
that of the anterior nerves. They pass below the muscles and immediately ever the 
large excretory cells, Each is composed of two bundles (fig. 0) which are respectively 
dorsal and ventral. The ventral and larger ramus curves downwards and is 
distributed to the ectoderm of the ventral lobe of the appendage; the dorsal ramus 
passes outwards and upwards to be distributed to the more peripheral ectoderm, 
The fibres of the ventral ramus arise from the lateral coll group. The dorsal ramus 
arises directly from the ganglionic plexus. Within the plexus the processes from the 
median (commissural) cell group passing outwards, and those from the nerve direct, 
and from the external cell group radiating inwards, almost meet (fig. G). 

Those fibres of the nerve which pass to the more peripheral ectoderm, that, is, the 
fibres forming the dorsal ramus of the posterior nerves, do not go direct it) their 
destination, but enter, at any rate in some coses, multipolar cells, the processus from 
which radiate to the ectoderm cells. Such a cell is shown in fig, B. This relation 
is extremely interesting and suggestive when taken in connection with the known 
relations of sporadic nerve cells in Vertebrates, where such cells tire regarded us being 
distributing or multiplying centres for centrifugal impulses. In this case, however, 
the contrary occurs, for these cells in Bmnchippus act as condensing mitres for 
centnpetal impulses. Similar “ condensing” cells form a distinct layer in the optic 
ganglion of Brmchippus , one process passing from each cell to the brain while 
several enter the cell from the eyes. Yet another consideration is suggested by these 
condensing sensory cells, which are mostly suspended in the laxly cavity by their 
processes. The dorsal ramus of the posterior nerve, which is characterised by the 
possession of such cells, passes to parts more removed from the central nervous 
system than does the ventral ramus. At the same time, its fibres, instead of being 
given off from cells, arise directly from the ganglionic plexus. Thus we may regard 
the ganglion cells from which the fibres of the ventral ramus take origin, as having 
travelled inwards from positions more remote from the nerve cords, and this process 
has led to their becoming an integral part of the central nervous system. Such a 
view has this advantage, that it accords with the many features of the primitive 
system* of Artemia, which point to a derivation from a much more diffuse cell and 
by a process of condensation. 

- tho .posterior nerves is therefore composed of two parts (i) a dorsal bundle, 

directly from the central ganglionic plexus, and has ganglion cells on 
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tho courao of its fibres ,* and (2) a ventral bundle, which arises from, the lateral group 
of nerve cells. 

There is yet another group of nerve cells which, like the ventral sensory cells, 
cannot be said to belong specially to either the anterior or posterior divisions of the 
ganglion. In describing the anterior part of the ganglion I mentioned a group of 
cells, the internal dorsal cells, situated on the median dorsal surface and connected 
with the anterior commissure on the one hand, and with the external dorsal cell 
group on the other, and contributing directly to the formation of the motor nerves. 
With this internal dorsal cell group a column of cells is connected (fig. 6), at any 
rate in point of position. They extend backwards over the region between the 
anterior and posterior ganglionic thickenings, and over the latter, to finally die away 
posterior to the ganglion. Prom this group of cells scattered fibres pass which are 
lost amid the body muscles. The latter are situated internal to the muscles of the 
appendages, and form masses closely applied to the sides of the gut (fig. 6). I often 
suspected the connection of some of these fibres with the gut itself, and am inclined 
to believe that a few, at any rate, form the nerve supply of the mesenteron. 
However that may be, they mainly constitute the motor supply of the body as 
opposed to the appendage muscles, and form a motor system comparable in its 
antero-posterior extension to the sensory system connected with the ventral lines of 
sense cells. I stated above that the ventral sensory system owed its antero-posterior 
extension to the fact that it is related to longitudinal lines of sense cells. Similarly, 
this dorsal diffuse motor system appears to me to owe its antero-posterior extension 
to the fact that it is connected with a group of muscles, the flexors and extensors of 
the body, which extend from end to end in almost unbroken series, and ere not 
clearly divided into disconnected myomeres related to the successive body segments. 

Summary . 

1, The central nervous system of Branchippus, taken as a whole, consists' of two 
cords of nervous tissue running the length of the body, and connected anterior to 
the mouth by the brain, in the region of the mouth by the circumoral ganglion, and 
posterior to the mouth by the transverse commissures which connect the various 
ganglionic enlargements. 

% Each nerve cord is comprised within a delicate nucleated sheath, and consists of 
a mass of fine nerve fibres invested more or less completely by nerve cells, The 
investment of nerve cells is most complete in the brain, and more or less wanting in 
the inter-ganglionic regions of the cords, 

3, The ganglionic regions differ from the inter-ganglionic regions chiefly in the 
development of a very fine plexus on the ventral aspect of the cords. The dorsal 
portion of the cords in each ganglion is mainly a direct continuation of the inter- 
ganglionic fibres, and is, therefore, largely conducting in character. The ganglionic 
regions are also characterised by the large number of nerve Cells. . , 

Mnoooxorv.— B. n 
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4. The inter-ganglionic and ganglionic regions aro not sharply distinct from one 
another. Nerve cells extend from the latter to a considerable distance along the 
former, and a plexiform arrangement of the fibres is not wholly wanting in the inter- 
ganglionic regions. 

5. The nerve cells have the following connections ;— 

(a) They send their processes wholly into the plexus. Those cells occur mainly 
in the brain and pre-ciesophageal cords. They give off one or several processes into the 
central plexus. In fig. 3 we have a section through a cord in the prc-ccsophageal 
region, and it will be seen that the cells have a rounded external surface, and give off 
numerous processes into the central plexus. Where the coll layer thickens, however, 
those most removed from the plexus fuse, as it were, all their processes into one, and 
thereby become unipolar cells with one thick process which ultimately breaks up 
in the plexus. 

(b) They give off an axis-cylinder filament to a peripheral nerve on the ono side, 
while on the other side they are connected with the central plexus, either by 
branching filaments, or by a single prooess which breaks up into that structure. Such 
cells appear to lie on the course of afferent fibres. Cells belonging to this group are, 
in many oases, pyramidal in shape, and give off from the base of the pyramid several 
processes to the skin, while from the apex of the pyramid only one process passes to 
the central plexus. Such cells act as “ condensing centres " for centripetal impulses. 

(c) They give off a peripheral axis-cylinder process to end in a muscle, while from 
the principal process, or from the cell itself other finer processes arise which end in 
the central plexus. Such cells are disposed dorsally in the central nervous system, 
and are connected with the outflow of efferent fibres. 


(d) Pyramidal cells giving off on the one side a single fibre to the posterior com¬ 
missure, while from the other side filaments pass into the central plexus. 

6. The distribution of the elements in a typical ganglion is as follows:— 

(d) On the ventral surface of the ganglion is a group of sensory ganglion cells, 
^ieb ar® connected with a line of sense cells on the ridges bounding 
III &nd which form an almost continuous linear series exaggerated 

these two lines of sense cells are a backward extension of the 
foldoA sinse'ring encloses tie mouth, and they meet just posterior to the mouth, 

where the Otherti^ narrows and deepens to form a sense pit, 

: (b) On the xnternai^4^i®iM angle of fe cords is a group of cells, from which are 
.dhriyed ^ ^ These, like cell group (a), extend 

i( the anterior and posterior portions of the ganglion, and for some dis tance 


> anterior half of the ganglion 
of the anterior pair of nerves 





[Bon k a group of cells 
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which give origin to the fibres of the short ventral ramus of the posterior nerves. 
Similar cells lie scattered on the course of the fibres of the longer dorsal ramus. These 
cells are connected with afferent fibres. 

(c) On the internal angle of the posterior half of the ganglion is a group of cells 
from which the fibres of the posterior commissure arise. 

The anterior and posterior halves of the ganglion present the following striking 
structural differences:— 

1. The anterior commissure is closely connected with the skin. The posterior 
commissure arches freely above the skin. 

2. The anterior commissure does not lie stretched between two cell groups. Its 
fibres mainly plunge directly into the “ Punkt ” substance, and many of them continue 
as a well-defined bundle across that structure to pass out in the anterior nerves. 
The posterior commissure lies stretched between two cell groups (group e.) 

3. A large number of the fibres of the anterior commissure continue as a well- 
defined bundle across the central plexus, to form part of the anterior nerves. Or, in 
other words, a considerable number of the fibres of the anterior nerves directly 
decussate. The fibres of the posterior nerve do not decussate. 

The identification which has been made above of certain elements as the afferent 
and efferent mechanisms of the nervous system of Branchippus finds further support 
if we turn to tho structure of the circumoral ganglion, or ganglion of the stomodseum 
and second pair of antennas. A complete description of this ganglion would lengthen 
this communication unduly, and, moreover, would be mainly of morphological interest. 
The facts which lead to the identification of the motor and sensoiy elements may, 
however, be briefly set down. 

The circumoral ganglion consists of a double ring of nervous matter enclosing the 
oesophagus and uniting the nerve cords. The double ring is displaced so that it lies 
at a considerable angle with the horizontal plane of the body, this displacement 
being due to the very great hypertrophy of the upper lip and the continuation of the 
oesophagus as a horizontal and posteriorly directed tube which ends posteriorly in the 
mouth. The double ring is especially developed posterior to the oesophagus, where 
it lies stretched as a double commissure between a ganglionic enlargement on 
each nerve cord. In this, the commissural portion of the ring, the outer part runs 
across from nerve cord to nerve cord, as a bundle of regularly arranged parallel 
fibres, resembling the commissures of the typical ganglion. The fibres of the 
commissural portion of the inner ring also run for the most part regularly, hut 
still a plexiform arrangement is very obvious. This inner ring is very closely con¬ 
nected with the sensory surfaoes of the mouth, and it also shades off into a plexus 
of filaments connected with the epithelium lining the oesophagus. In point of fact, 
it may be very accurately described as a local hypertrophy or condensation of this 
oesophageal sensory nerve plexus. The outer ring, on the other hand, is connected^ 

n 2 
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with the innervation of the well-developed muscles of this region, ami may similarly 
be described as a local development of a nerve-plexus connected with the musculature 
of the oesophagus. Having thus established the fact that the inner ring is sensory 
and the outer motor, can we proceed a step further and identity the two rings with 
the two parts, anterior and posterior, of the typical ganglion % The connections of 
the commissural portions, that is, those thicker portions which lie on the posterior 
surface of the oesophagus stretched between the ganglionic enlargements on each 
nerve cord, enable us to do this with certainty, Tim anterior and posterior com¬ 
missures of the typical ganglion present, as we have seen, certain well-defined 
structural characters. The anterior commissure, unlike the posterior commissure, 
does not lie stretched between two cell groups. On the contrary, its fibres plunge 
directly into the ganglionic plexus, The commissural portion of the external ring of 
the circumoral ganglion presents this feature, On the other hand, the posterior 
commissure of the typical ganglion does lie stretched between two cell groups, and a 
similar connection characterizes the commissural portion of the inner ring of the 
circumoral ganglion, Thus the outer motor ring of the circumoral ganglion presents 
the same structural features as the anterior portion of the typical ganglion, and 
a similar structural agreement is found between the inner sensory ring and the 
posterior portion, 

If we turn to the nerves arising from the ciroumoral ganglion further confirmatory 
evidence ia obtained. The oircumoral ganglion gives origin to the nerves of the 
second pair of appendages, the second antennae. Two nerves pass to each second 
antenna, and they arise from the cords a short distance anterior to the ganglion, 
Qlaus,* in his aeoount of the anatomy of Eranchipp'us stagnalis, describes these 
nerves, and traces the anterior nerve on each side to the muscles of the second 
antenn®^ and the posterior nerve to the sense cells of those organs, and I am able to 
contra! himrinthis respect. Traoing these two nerves centrally we find that the 
motor pair ere connected with the motor, or external, commissure, in a way precisely 
simU&r to the direct connection which we have seen to exist between the anterior 
commissure and anterior nerves of the typical ganglion, Similarly there is evidence 
that the fibres of the posterior or sensory nerves to the second antennae are connected 
with those* portion^ of the ganglionic enlargements of each cord whioh correspond in 
structure to the posterior swellings- of the typical ganglion, and which are placed in 
connection by the inner sensory commissure., 
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first five of these ganglia differ from one another only in certain small details, and a 
description of one will serve as a description of the whole. 

The Second Abdominal Ganglion forms a marked enlargement on the cord, the 
bulging being most prominent ventrally. There arise from it two pairs of nerves 
which I propose to distinguish respectively as the anterior and posterior nerve pairs. 
From the external dorsal aspect of the cord just posterior to the ganglion, a nerve 
arises on each side, thus forming a third pair to be distinguished as the posterior 
dorsal nerves. 

Distribution and Character of the Nerves .—The anterior pair pass directly 
outwards beneath the great flexor muscles of the abdomen (fig. 9). Their point of 
origin is not only more ventral than that of the other nerves, but they also pursue a 
more ventral course. They run outwards almost at right angles to the longitudinal 
axis of the body, in the groove formed by that thickened portion of the sternal 
carapace which extends transversely under the ganglion, and between the bases of the 
second pair of abdominal appendages. Immediately anterior to these nerves is a 
vertical slip of muscle passing down from the great flexors of the abdomen to be 
inserted into the thickened carapace (fig. 9 a). Very shortly after leaving the ganglion 
each nerve divides into two branches, which, however, continue in the same sheath 
for some distance, They separate from each other just before the appendage is 
reached (fig. 9). The posterior and smaller then turns downwards into the appendage, 
the anterior and slightly larger divides into three main branches on the anterior 
border of the base of the appendage. These again divide into smaller branches 
which are distributed to the appendage muscles, pleuron, and dorsal skin. The 
posterior branch is distributed to the comparatively small muscles which lie within the 
terminal part of the appendage, but by far the greater number of its fibres pass to 
the skin which, in the males, is extremely sensitive, the first and second pairs of 
abdominal appendages being modified to form copulatory organs, On their course 
the anterior nerves give off a few fine branches to the sternal skin. 

Fibres,-*- The anterior nerves are composed of two markedly different classes of fibres 
(figs, 11 and 13), 

(1.) Large bold fibres with nucleated sheaths, and 

(2,) Fine filaments, 

The large fibres may be again divided into (a) large fibres with thin sheaths, 
(&) small fibres with thick sheaths. In a section through the nerve (fig, 11), it .will 
be seen that these different classes of fibres are segregated into distinct bundles. 
Each of the large fibres is bounded by a distinct nucleated sheath, which, as.was 
pointed out by Krieger,* encloses a substance of such extreme fluidity, that under 
the influence of preserving agents its shrinks into small clots here and there in the 
course of the fibre. There is no trace of a sheath resembling the medullary sheath 


* Krieghr, “ Oentralnervensysi d. Flusskrebses,” * 1 wise. 25ool.,’ Vol. 33. 
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of Vertebrate nerve fibres, either in preparations treated with omnia acid, or in 
those stained by Weigeet’s method. 

In tracing the anterior nerves into the ganglion a curious point is noticed, namely, 
that the transverse sectional area of the whole nerve on each side is much reduced, 
thus forming a narrow neck just before the nerve plunges into the ganglion. If the 
fresh nerve is examined under the microscope, or if individual fibres are carefully 
followed in a series of sections through this part, the sudden increase in the hulk of 
the nerve which takes place a fraction of a millimetre from the ganglion, is found, as 
has already been shown by Haeckel,' * to be due to the fact that the large fibres 
there divide into large and medium-sized fibres (fig. 12). In the example figured it 
will be seen that while the smaller branch is conspicuously smaller than the nerve 
fibre before the branching, the large branch is of much the same size. 

Both branches of each anterior nerve contain fibres of each of the two classes, as 
will be seen on reference to fig. 11. 

The posterior ventral nerves arise directly from the ganglion posterior to, and 
slightly above the origin of the anterior nerves. Instead, however, of passing 
outwards at right angles with the cord, and at a level an tenor to the appendages, 
they trend outwards and backwards (figs, 9 and 10), running on the ventral surface 
of the great flexor muscles to the region immediately posterior to the attachment of 
the appendages. Their position in this part of their course is not so ventral as that 
of the anterior nerves, They lie at a level between the slips of the flexor muscles 
which pass to the sternum in each segment and the main mass of those organs. 
Each nerve, shortly after leaving the ganglion, divides into two branches which run 
in the same sheath for some distance. The anterior and smaller branch separates 
from the main trunk of the nerve where the latter curves abruptly round the belly of 
the flexor muscles to pass dorsal wards. It then turns upwards and outwards, to run 
along the infolding of the carapace, which forms the joint between abdominal segments 
SJ and 3, and is lost in the extensor muscles (figs. 10, 10a, 10b). The main trunk of 
the nerve passes sharply backwards along the outer surface of the belly of the flexor 
musnles and, appears on the dorsal surface of those muscles about the middle of the 
tfaird abdominal segment. It gives off the following branches 


(a) To a thin sheet of the external extensor muscles which spreads out into the 
pleuron of tMtlhf-segment^;ahd to the dorsal skin in that region, 
b. }*„ iu tin mtralM, but 
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mid-dorsal lino. The two median bands, or internal extensors, as I have called them, 
are coiled on themselves so as to form roughly a spiral of muscle; the external 
extensors, on the contrary, are flat band-like muscles with slips passing off to be 
inserted into the tergum in each body segment (fig. 29). 

The posterior ventral nerves of the second abdominal ganglion, therefore, are 
distributed to the extensor system of muscles in the posterior two-thirds of the third 
abdominal segment, and the anterior third of the fourth segment. Professor Cla.tts* 
describes a similar distribution of the nerves to the body muscles in the abdominal 
region of Nehalia. 

The different branches when they reach the oxtensor muscles divide continuously, 
forming horizontal fan-like tufts of fibres, thus forming a plexus which spreads 
through a considerable length of the muscles. 

The posterior ventral nerves are composed of two sizes of fibres like the anterior 
pair, but the small fibres form only a small part of each nerve (fig. 14). 

The dorsal nerves are of extraordinary interest. They spring from the dorso¬ 
lateral portions of the cord just posterior to the ganglion (fig. 16), and turning 
backwards are distributed to the great flexor muscles (fig. 26). 

Each of the dorsal nerves near its origin, and before any branching has taken place, 
is composed of only a few, generally ten, very large tubular fibres, about SO to 
60 ft in diameter. 

In order to adequately realize the size of these fibres, it should be remembered that 
they have only a thin sheath. The dimensions given above should therefore be 
compared with those of the axis cylinders of vertebrate medullated fibres rather than 
with the whole fibre. Each fibre is distributed to a relatively enormous mass of muscle 
by a process of continuous branching. No small fibres occur in the main nerve, but 
there is usually a small bundle composed wholly of a few of the small thick sheathed 
class of tubular fibres (fig. 15) which leaves the main trunk immediately after its exit 
from the cord and curves abruptly ventral wards. I have not followed it further. 

The fibres when they enter the cord form ascending and descending columns, seven 
of the ten fibres passing upwards to the second abdominal ganglion, and three passing 
downwards to the third ganglion. In other words, the dorsal nerves of the second 
ganglion, though belonging mainly to that ganglion, yet derive part of their elements 
from the ganglion next below. 

Like the posterior ventral nerves the dorsal nerves branch very extensively and 
irregularly, and pass to a part of the flexor muscles which lies mainly in the third 
abdominal segment. 

We thus see that the body muscles, both flexors and extensors, have been displaced 
posteriorly, the relation of the second abdominal ganglion to the second pair of 
abdominal appendages affording us a fixed point for reference. And this displacement 
Has taken place to such an extent that the main branch of the posterior ventral 
# Oi,Atjs, M TTeber d, Organismus der Nebaltden,” ‘.ArbeR. Wien.,’ vol, 6,1889. 
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nerves of the second abdominal ganglion courses on the dorsal surface at the junction 
of the third and fourth segments on its way to the extensor muscles (figs. 10a 
and 10b). 

The same posterior displacement of the muscles is shown when we examine the 
nerves of the remaining abdominal ganglia. In connection with the general question 
of metamerism, it is interesting to notice that the very definite blood supply of these 
muscles does not appear to have suffered a similar displacement. The dorsal aorta 
gives off at about the middle of each segment two pairs of arteries, one on each 
side to the extensor muscles, and one passing vontrally on each side of the flexor 
muscles.* 

Motor and sensory fibres.— Before turning to the ganglion itself it will advisable 
to discuss the question of the identification of motor and sensory fibres in tho nerves. 

j Evidence derived from the distribution of tho different classes of fibres. —The 
chief tactile organs possessed by Astacus are long hair-like filaments, each composed 
of a special expansion of the general cuticle jointed to the carapace, and containing 
a filamentous process of an ectodarin cell in its axis. These lie mainly on the 
appendages, but also occur on the edges of the pleura, the telson, and the posterior 
edge of the tergum in each segment. The general surface elsewhere is covered by a 
thick and, for the most part, hard lameliated horny cuticle, which in sections is seen 
to be traversed by comparatively infrequent delicate pores in which fine processes 
of certain elongated ectoderm cells lie. These are especially well seen in sections 
through the skin near the anus (fig. 17). The tergal surface, where the carapace is 
especially thick, is relatively insensitive, while the swimmerets, on the contrary, with 
their numerous taotile hairs, are especially sensitive. In correspondence with this we 
find that the nerves supplying the swimmerets contain a very large number of fine 
fibres, while the nerves to the tergal surface contain relatively fewer; and that the 
branch of the anterior nerve which passes into the appendage and to the small muscles 
therein contained contains relatively fewer large fibres than does the larger branch which 


■umervates the larger muscles of the appendage (fig. 11). Further, the nerves passing 
ttf sfe ttftoop,- which contains no muscular elements, and to the sensitive region round 
the* flpanfsf e&thejy composed of fine fibres. On the other hand, the nerves passing 
.solelyt&*^#exor|&u^ is, the posterior dorsal pair in each segment, contain 
only the large tubular type of fibres. 

JBmdenoe derived f that the anterior nerves of the 

^ Is^er' ntuaber of the fine nerves than do 

tkeiposterter ven^ nerves, I the relative effect* of stimulation. 
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(1.) The anterior liervo of the loft side was stimulated at a point about midway 
between the ganglion and the appendage. The effects were double, (a) flexure of the 
limb, and, (b) enormous reflex disturbance of the animal generally, every appendage 
being moved. In other words, the main effect of stimulating this nerve was to 
produce very great sensory disturbances. 

(2.) The posterior ventral nerve on the same side was stimulated with the same 
strength of current, and the only effect was a faint Bensory disturbance and feeble 
movement of the second abdominal appendago of the same side. 

The difference between the central effects produced by stimulating these nerves is 
very obvious when tho animal is exhausted. Then, when stimulation of the anterior 
nerve on one side will produce reflex movements of all the appendages, stimulation of 
the posterior nerves leads to no such result. 

The movement of the appendage which resulted from stimulation of the posterior 
nerve I regarded as being due to reflex action, and to. settle this point the following' 
experiment was made:— 

(3.) The posterior ventral nerve was cut and its peripheral end stimulated. No 
movement of the appendage resulted, but, on applying the electrodes to the central 
end, results occurred similar to those described under (2). 

(4.) With respect to the posterior ventral nerves, Marshall* states that on 
stimulating the peripheral end of one of them (in the Lobster) no effect was produced. 
Hence he concluded that ‘’‘the anterior nerve would seem to be mixed, but the 
posterior nerve purely sensory.” This result was due to the fact that, in his experi¬ 
ments, the animal was flxod in such a position that it was impossible to observe any 
contraction of the extensor muscles. If, however, the animal be placed in such a 
position that the extensor muscles can be observed while the posterior nerve is being 
stimulated near the ganglion, and therefore on the ventral aspect of the body, a 
marked tetanus of the extensor muscles is found to follow stimulation. 

(5.). The posterior, dorsal nerves in the case of Astacus are so delicate and deep 
lying, and their unbranched free portion is so extremely short, that it is impossible to 
directly stimulate them without escape of the current into the muscles. The experi¬ 
ment was therefore carried out in the following manner:—The anterior and posterior 
ventral nerves were out on both sides and in each segment of the abdomen. Thus 
only the posterior dorsal nerves were left intact. The nerve cord was then cut in the 
thoracic region and lifted on to the electrodes. On opening the circuit the abdomen 
was sharply flexed. 

The facts both of dissection, and stimulation thus lead to the conclusion that the 
anterior nerves are of mixed function, and contain both afferent and efferent fibres. 
But they mainly supply sensory surfaces, The posterior ventral nerves are also of 
mixed function, but they supply a relatively larger mass of muscles, and a much more 

* Marshall, “Some Investigations on the Physiology of the Nervous System of the Lobster.” 

* Studies from Owens College, Manchester/ 1886. 
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insensitive region of skin. In correspondence, with this ditfbmiw, between these two 
pairs of nerves, we find that the anterior nerves are relatively poor in the large 
tubular fibres, but contain a very great number of the fine fibres. The posterior 
ventral nerves, on the other hand, are relatively much richer in large tubular fibres. 

The posterior dorsal pair differ from the anterior and posterior ventral nerves, in 
being solely efferent in function, and we find that they contain only tho large tubular 
fibres. 

We may thus, I think, conclude that the largo tubular nervo fibres of A,strums are 
efferent, while the fine nerve fibres are afferent in function; and these two classes of 
fibres are not only sharply marked off from one another in point of size, but also the 
gulf between them is unbridged by intermediate forms within the limits of tho somatic 
system. 

Summary .—*Three pairs of nerves arise from each of tho first five abdominal 
ganglia:— 

(1.) An anterior pair, which arise directly from tho ganglion, and contain a large 
number of the fine, or afferent fibres, and comparatively few of the large, or efferent 
fibres. These supply the appendages with motor and sensory fibres, and also the 
skin of the sternum and pleura. 

(2.) The posterior ventral nerves containing relatively more large fibres. Those 
supply the dorsally placed extensor muscles and the dorsal skin in the third segment, 
or segment next following. 

(8.) Posterior dorsal nerves which are purely motor and Innervate the flexor 
muscles. 


The General Relations and Structure of the Second Abdominal Ganglion, 


Only a very general mention of the main features of the ganglion itself need be 
made, since Kruger has so fully dealt with them in his paper on the “Central- 
hervensystem des .Flusskrebses " ( 4 Zeit. f, Wise. Zool./ vol 88, p, 527). The ganglia 
small knot-like swellings on an apparently single longitudinal commissure," 
is 1 abounded by a tough kmellated membrane, which is separated 
frbta the nerve Substance ‘ by a loose reticulum, especially abundant on the ventral 
face’of 5 the ganglion * Thespatfes in this connective tissue reticulum are large and 
'are filled with blood, We thPs have two distinct sheaths, a point not sufficiently 
insisted on by Krieger (fig, 18), of which the inner one is practically a system of 
fcloM spaces bridged' by connective tissue,' and is only slightly developed in the 
fegflOfts- (%-. 28), . , • 

to ’the' Cotflilfefrty 'of the ; investing membrane, the nerve cord at first sight 
|i ; ^p>be r ^rkgl©, h»ut the netVcus elements in reality form two perfectly distinct 
only in each, ganglion by a thick transverse bridge. In the 
regions the two halves are separated by a median vertical lamella of 
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connective tissue. As they enter a ganglion either above or below they diverge 
from one another, and the inner sheath at the same time becomes thicker. There is 
thus formed at each end of the ganglion a vertical cleft-like space between the 
lateral masses of nervous tissue, and filled by the inner sheath of the cord; and the 
anterior cleft, or anterior fissure, is separated from the posterior fissure by the 
transverse bridge of nervous tissue which was spoken of above. 

The outer sheath. —This sheath is composed of one or more lamellae, each of which 
is built up of fmo fibrils which appear to be bound into bundles (fig, 19), These may 
either run parallel to one another, or interlace. The lamellae appear to be entirely 
free from cellular elements in their substance, but on the surface of the sheath 
flattened plato-like cells occur (figs. 19 and 20), with large, flattened, deeply-staining 
nuclei. 

Quite on the inner face of this sheath these cells are more numerous and their 
plate-like extensions often overlap one another (fig. 19). Supporting filaments are 
seen to arise from the outer sheath which are continuous with the inner sheath 
(fig. 20), 

The inner sheath appears in sections as a coarse reticulum, largely cellular in 
nature. It closely resembles in structure the tissue surrounding the sternal artery, 
and lying beneath and about the nerve cord. The inner sheath is essentially a 
blood-containing investment, and into its spaces the arteries supplying the ganglion 
open. In the inter-ganglionic regions of the cord this sheath is very thin, The 
branched cells of the inner sheath are continuous, on the one hand, with the flattened 
cells on the inner face of the outer sheath; and on the other, with the variously 
modified cells which form the intimate supporting structure of the nervous elements. 

The supporting tissue of the nervous structures appears to be mostly, if not 
entirely, cellular in character, and is best seen by teasing out the fibres of the 
inter-ganglionic commissures where they diverge into bundles on entering the 
ganglion. If these have been preserved with Flemming’s fluid mixed with an 
equal volume of '5 per cent, solution of osmic acid, and afterwards stained with 
hamatoxylin, the individual bundles will be seen to be covered by an imperfect 
sheath of flattened cells with large, oval, deeply-staining nuclei (fig. 21), Cells of 
this type represent the imperfeot attempts at endothelium building found so widely 
in Astacus. They occur, only of much larger individual shze, lining certain of .the large 
body spaces, and similar cells have been already noticed in connection with the outer 
sheath of the ganglion. Within the substance of the ganglion, where the nerve fibres 
branch and become muoh finer, similar supporting cells occur. Each consists of a small 
cell body, from which arise short plate-like processes which branch into the wildest 
tangle of exceedingly delicate filaments (fig. 22), thus recalling the neuroglia cells of the 
Mammalia. There is thus formed a supporting tissue composed, like the neuroglia of 
Vertebrates, of the delicate processes of much modified cells. Both plates and 
filaments are of an optically structureless and non-staining character, very different 

o 2 



100 


MR. W. B. JIARDY ON SOME FK AT UR MS AND IMtOPKHTlKS OP 


from the finely granular and staining cell substance of the nerve colls. 1 heir nuclei 
also stain more deeply than the nerve cell nuclei, and are not so coarsely granular, 

. Blood supply .—The ganglion is supplied with blood by four arteries which arise by 
a short common stem, which springs from the posterior sternal artery, immediately 
under the middle of the ganglion. After penetrating iho external sheath, two of 
the arteries curve round the sides of the ganglion between tbo roots of the anterior 
and posterior nerves, and, running in the inner sheath, finally end in the dorsal 
portion of an enlargement of that sheath on the lateral face of the nervous tissue, 
and above and between the two nervo roots, Those may be called iho lateral 
arteries. The other two arteries run respectively anteriorly and posteriorly for a 
short distance, and then make their way upwards through the anterior and posterior 
fissures to the dorsal surface, where they open into a dorsal median thickening of the 
inner sheath. They may be called the anterior and posterior arteries. 

Thus, in the intact ganglion, there must be a stream of blood flowing through the 
interstices of the inner sheath from the dorsal to the ventral side, where it drains into 
a large ventral sinus situated in the inner sheath, and incompletely divided into four 
longitudinal sinuses by septa. The blood finally leaves the ganglion by apertures 
placed in the mid-ventral line at the posterior end of tho ganglion, mid leading from 
the ventral sinus of the ganglion into the ventral abdominal sinus. Tho arrangements 
for the nutrition of the large nerve cells which occupy the ventral, and, to a loss 
extent, the lateral surfaces of the nervous tissue of the ganglion, are most interesting. 
These cells are of the unipolar, pear-shaped type, and are quite removed from tho 
dense nerve substance of the ganglion. Each is covered by a delicate cellular sheath, 
and this alone separates the cell substance from the blood ; for they may be said to 
■ hang in bundles suspended by tbeir processes, and steadied by the reticulum of the 
inner sheath, in blood spaces of that tissue, Between them, in the mid-ventral line, 
and below them, in the posterior region of the ganglion, are the venous sinuses men¬ 
tioned above. ■ 

The mass of the ganglion is composed of a fibrous reticulum, coarse in some places, 
fine in others, and tbe fibres in the finer reticulum appear to touch one another, so 
that Blood Spaces ate Conspicuous by their absence, In the case of nerves and 
of commissures the’same fact strikes one, whether they are viewed in the fresh 
condition, or examined by means of sections—the sheathings of the nerve fibres are 
contiguous with one another, and, at first sight, no provision appears to have been 
made for their nutrition. This may, I think, explain the prevalence of “ tubular 
fibres * in the, central nerVous system and peripheral nerves of Astcums. Each of these 
'fibres in Section appears a£ A tubular nucleated sheath, and little more. The contents 
nr what corresponds to the axis cylinder of the nerve fibres of Vertebrates, 
»into small dots gathered here and there at long intervals on the course of 
the' j^lp^ln other Words, the contents of such a tubular fibre are exceedingly fluid. 
If in the fresh State bubbles of &tr&ay'often be seen, which may 



THE PQST-CESOWIACIEATj HKIWE CORD 01? THE CRUSTACEA. 


101 


bo made to move about in the almost fluid contents, as though one were dealing with 
a flue tube filled with fluid. If these fibres are isolated and watched, their contents 
will, as was pointed out by Kiuboke,* be seen to undergo a change comparable with 
rigor mortis , Clotting takes place, the clot appearing in the form of granules, which 
outline delicate fibrils, which I regard with Kmmm as the true axis-cylinder fibrils. 
These, I take it, are suspended in life in an extremely fluid substance, protoplasm or 
plasma, by the aid of which the transportation of nutritive material or the removal of 
waste matters can be managed through considerable lengths of these tubular fibres. 
It is therefore possible that each efferent fibre is the morphological equivalent of a 
considerable number of afferent fibres, each one of the latter being, without doubt, a 
single axis cylinder, 

Be this as it may, it is, at any rate, abundantly clear that the disposition of the 
nerve cells on the surface of the dense nervous tissue of the ganglion, and their rela¬ 
tion to the blood streams, lends no support to the idea that they are nourished, even in 
part, by their processes. The distinction of the processes of nerve cells into “ nutritive 
processes” and true nerve or axis-cylinder processes has been advocated by Nansen! 
for the Crustacea, and by Gonm for Vertebratos. In the latter case the distinction is 
based upon histological facts which appear to me to bo adequately explained by the effect 
of tho shrinkage of the tissue in occluding the lymph lacuna) which, we must suppose, 
surround the nerve cells of tho central nervous system and their processes during life. 

Arrangement of the. Nervous Elements of the Ganglion , 

These consist of colls, fibres, and fibrillar plexus. The relation of the cells and 
fibrous elements is the same as that which is found in the nerve cord of Branohippus 
where the former lie wholly on the surface of the latter. In the cord of Astaous , 
however, cleft-like spaces filled with the inner or blood-containing sheath penetrate 
the nerve substance, and the cells to a certain extent occupy these (fig. 34, c). The 
nervous tissue of the ganglion is composed of fibres and fibrillar plexus and nerve 
cells. The fibres are of the same tubular character as those already noticed in the 
nerves, They run in the ganglion for the most part in longitudinal bundles, which, 
penetrating the ganglionic plexus, divide it up into regions. Many of these fibres, 
especially in certain of the bundles, run straight through the ganglion without 
effecting connection with its elements. The other tubular fibres in the ganglion are 
either commissural between the lateral halves, or derived from the large unipolar cells 
which occur in the ventral cell-plate mentioned above. 

In passing up the cord towards the brain one finds, as in Vertebrates, that the 
number of fibres passing straight through the ganglia to regions below continuously 
increases. Such fibres are limited to the more dorsal portion of the cord, and in the 

* Log. dL 
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upper portion of the thoracic cord they may bo readily separated by .simple dissection 
from the ventral bundles of fibres which pass to and through the ganglionic substance. 
This is well seen in fig. 24, which is a drawing of the ganglion of tho cliche, as seen 
from the ventral surface. 

The ganglionic plexus is separated into regions distinguished both by the size of 
the fibres forming the plexus and the complexity of their arrangement. We may 
distinguish two grades:— 

(a) A coarser plexus, the elements of which, though much smaller than tho 
tubular fibres of the inter-ganglionic cord or nerves, yet show the marked 
tubular appearance (fig. 36). 

(b) A fine plexus, comparable in the extreme tenuity of its elements to that of 

the nerve-cord of JBranchippus (fig. 32). The fine plexus and tho coarse 
plexus are, respectively, ventral and dorsal, and related, the former to the 
fine nerve fibres, and the latter to the large nerve fibres. The fine plexus 
may be said generally to form an irregular plate on the under surface of the 
fibrous portion of the ganglion. 

The large tubular nerve fibres pass at once to tho coarse plexus, and we may regard 
the latter structure as being formed by their branching. I do not, however, regard 
the coarse plexus as constituting the final ending of the large nerve fibres, but merely 
as the place where those fibres subdivide before passing to various regions of tho 
more ventral fine plexus. The fine nerve fibres, on the contrary, run in bundles 
directly to the fine plexus (figs. 32 and 34). The fine plexus, as will bo seen later, is 
not a homogeneous structure, but presents differences in density in its different parts. 


The Internal Connections of the Antonov Pair of Nerves, 

Each of the anterior nerves, as it enters the ganglion, divides into a dorsal and 
a ventral root, each of which contains both large and small fibres (fig. 35), In each 
root the large and small fibres form quite distinot bundles, and in the section through 
the trunk of this nerve, figured in fig. 13, it will be seen that a short distance from 
the ganglion, the fine and large fibres are still arranged in distinct bundles, 

Tho dorsal root passes to a distinct maes of plexus which lies in the outer, or more 
lateral, part of its own half of the ganglion in the anterior region, at the level of the 

S y of the anterior nerve, ; and immediately above the ventral root (%. 38, d t c), 
i? mass of pkaon is very definitely divided into a small rounded and ventral mass 
nf pne plexus, and a dorsal mass of coarse plexus, which extends to the lateral surface 
entering nerve, (Fig. S3, d t o. The dotted line bifurcates, 
iyely in the. coarse and m the fine plexus.) The fine fibre* of the 
k to the ventral fine plexus, the large fibres, to the dorsal coarse plexus. 
\ heujg .of mixed function, motor and sensory, and its centre as 
|parts ; (I) o dorsal coarser portion, formed by the first branching 
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of the large efferent fibree; and (2) a vented, vory much finer portion, to which the 
fine afferent fibres pass directly. 

Connection with Cells .—By far the greater number of the fibres, both large and 
small, pass directly to break up in the fibrous reticulum. Where the large fibres arch 
round the ventral ball of “punkt” substance on their way to their own coarser reticulum, 
I found several distinct T-shaped junctions. One limb of the T could be traced to 
the most external of the ventral unipolar cells in the region of the entering nerve. 
These form it distinct group of cells of fairly uniform size, and averaging from 30 to 
40 ft, in the shortest axis. 

In addition to these, there are cells situated between the bundles of entering nerve 
fibres, where they diverge. These are much smaller. Each gives off one process 
which proceeds to strike the entering bundles at right angles. I think 1 may say 
positively that nerve fibres do not end in these cells, though their processes are con¬ 
nected by T-shaped junctions with certain of those fibres—probably the fine ones 
(fig. 35, a, a'). 

In longitudinal vertical sections it is seen that these cells lie chiefly in two masses 
anterior and posterior to the entering nerve, and that their fine processes pass in two 
main bundles to join the fine fibres before they break up into the “punkt” substance 
(fig. 35, a, «'), There is a third very distinct gronp of cells related to the dorsal 
root, and lying on the dorsal side of the entering nerve, and on the lateral surface of 
the coarse nerve network (fig. .3(1). Each cell receives an axis-cylinder process, and 
gives off* from its internal face processes into the plexus of the ganglion. The small 
tubular fibres, with thick neurilemma, pass to these cells. This cell group is con¬ 
tinuous with the more dorsal cells of the lateral extension of the ventral plate of cells 
between the point of exit of the anterior and posterior ventral nerve, and, from them, 
fine tubular processes pass, which curve round as dorsal arcuate fibres (fig. 36). 

The ventral root also consists of large tubular and fine fibres. It passes in 
beneath the centre for the dorsal root, and the fine fibres break up in a large mass 
of fine plexus in the most ventral part of the ganglion near the middle line 
(fig. 33, v.o.y The large fibres pass up anterior to the fine fibres to break up in a 
mass of coarse plexus dorsal and anterior to the above-mentioned fine plexus (the 
region it will ocoupy is indicated by the upper limb of the dotted line in the figure). 
This root, therefore, also contains motor and sensory elements connected respectively 
with a coarse and fine plexus. 

Cells .—The large fibres appear to be connected by short branches given off at right 
‘angles, with a group of the ventral unipolar cells immediately underlying them, just 
after their entrance into the ganglion (fig. 85, b). The fine fibres are connected with 
the group of small nerve cells lying between the divergent roots (fig. '35, a , of). 

To sum up the internal connections of the anterior pair of norves, we see that each 
nerve divides into two parts on entering the ganglion. Each part, Or root, is 
composed of large tubular and fine fibres which pass respectively to a coarse and fine 
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ganglionic plexus. There are thus two distinct centres related to the two roots. 
These centres are connected with one another hy zones of plexus, and by unhmnehed 
fibres in such a way that the coarse plexus of the external centre (that of the dorsal 
root) is connected with the coarse plexus of the more median centres, and, similarly, 
the fine plexus of the external centre is connected with the fine plexus of the median 
centre. "Further, the centres of the two sides of the ganglion are placed in communi¬ 
cation with each other hy two commissures, one of which consists of the finest fibrous 
elements, and stretches between the median masses of fine plexus. The other consists 
of coarser elements and connects the median coarse plexus of the one side with that of 
the other. The completely dual nature of the internal connections of the anterior 
pair of nerves, that is, the nerves to the appendages, I take to he of especial signifi¬ 
cance. In the thoracic region, where the nerves to the appendages are large and 
predominate, the dual nature of their internal connections is even more strikingly 
shown. In the thoracic region, also, the two roots of the appendage nerves, instead 
of being fused in the neighbourhood of the ganglion, and only diverging within its 
sheath, form two long roots which remain quite distinct as far as the second joint, i.e., 
a considerable distance into each appendage (fig. 25), 

These two roots differ markedly in size, and, as a result of experiments carried out 
on the Lobster, Marshall (loo, cit.) states that (1) “the small nerve contains motor 
fibres which supply the extensor muscles of the limb, and especially the divaricator 
muscle of the clawand (2) “ the large nerve contains the motor fibres to the 
muscles which raise the limb and close the claw,” Also the small nerve contains 
“ afferent fibres which ’ cause reflex contraction of the claw through the large nerve 
which supplies the occlusor muscle,” while the large nerve contains “ afferent fibres 
. which cause opening of the claw by reflex action through the small nerve which alone 
supplies the divaricator muscle.” These experimental-results I have been able to 
substantiate in the case of the nerves to the chelae of Astacus. I have further found 
that the small nerve passes to a median centre, the large nerve to an external centre 
in its ganglion. 

In contradistinction to the posterior ventral and dorsal nerves the fibres of the 
anteriornerves do not appear to directly decussate in any case. Rhtzius failed to 
find - any decussating fibres ;* hut, as has been pointed out, bilateral connection is 
■ made by fibres large or small between the various centres. 

Concerning the cell connections of the fibres of the anterior nerves we find that 


(1.) The large tubular efferent fibres are connected with large nerve cells, 

’„(&) ^h® fice fibres, afferent in function.} are connected with small nerve cells. The 


, connection with the cells is, as Rnmes (loo, cit.) has already shown, by lateral 
v *The nerve cells, therefore^ do not lie in the direct path, of the nervous 

or from the ganglionic plexus, Exceptions to this appear, however, to 
of the small tubular fibres with thick neurilemma, 

' ‘Biolo^iscie 'ETTaierscieinm'gea, J ' Slookkoko, 1800 , 
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Internal Connections of the Posterior Pair of Nerves. 

The first and most striking facts in connection with the posterior nerves is that 
they do not pass to two distinct centres, and that a certain number of the fibres, as 
Hetssiub also found, do directly decussate. 

On entering the ganglion the fine fibres of each nerve take up a position posterior 
to the large fibres, and form a well-defined single stream which passes to a single mass 
of fine plexus on the ventral surface and towards the median line (fig. 34 ,fpl). This 
centre, therefore, occupies the same relative position as the internal centre, or centre 
for the ventral root, of the anterior nerve. Sometimes the fine fibres enter the nerve 
tissue of the* ganglion at a point higher up than the large fibres, and arch round to 
pass to the ventral-lying fine plexus. They may be said generally to take a more or 
less arched course through the nerve substance of the ganglion and to enter their 
centre from above. Certain of these fine fibres directly decussate and pass to the 
centre of the opposite side. This, however, does not always occur. 

The large fibres form two sets, some ascend, and after passing for a short distance 
as external arcuate fibres, plunge into the nerve substance of the ganglion and 
either— 

(a) Break up in a 550110 of coarse plexus lying at the junction of the upper and 
middle third of the ganglion; or 

(b) They directly decussate, passing to a similar region on the opposite side 
(fig. 34, a). 

The second stream of large fibres (fig. 34, b') passes in more ventrally and 
anteriorly, and communicates with a cell group lying on the ventral surface of the 
ganglion and extending round the entrance of the posterior nerve (figs. 34 and 35, b)< 
Some of the fibres, however, break up directly in a mass of plexus, lying anterior and 
external to the fine plexus related to the fine fibres of the posterior nerves. 

We thus see that the fine fibres or sensory elements of each posterior nerve pass to 
a single centre, while the large fibres or motor elements are distributed to two regions 
,of coarse plexus. I take it that we may correlate this dual character of the central 
connections of the motor elements with the fact that the nerve supplies two seta of 
muscles—the external and internal extensors, differing enormously in their general 
arrangement, and in the position of their fibres. At the same time these two masses 
of plexus are intimately connected by unbranched fibres and bridges of plexus. 

Betzxus (loc. cit,) has shown that a certain number of the fibres of the posterior 
nerves have no connection with the elements of the ganglion, but turn directly back¬ 
wards to descend in the longitudinal commissure, A similar arrangement, as will be 
seen, obtains in the case of the posterior dorsal nerves. On the other hand, fibres 
have not been traced directly from the commissures to the anterior nerves. 
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Internal Connections of the Posterior Dorsal Nerves. 

These, as will be remembered, arise from tbe dorsal and external surface of the 
inter-ganglionic cord, a variable but short distance posterior to the ganglion. As was 
pointed out before, they each consist of two parts derived respectively from the 
ganglion above and the ganglion below. This fact is only demonstrable by sections, 
since simple dissection merely reveals the fact that they arise a very short distance 
posterior to, but in very close connection with the second abdominal ganglion. I 
have examined these nerves in detail in the first five abdominal ganglia. Each nerve 
is composed of from ten to thirteen tubular fibres, which vary in size from 12 to 13 /z. 

On entering the nerve-cord, or a little distance before entering it, each nerve 
divides into two unequally sized roots, of which the smaller, containing generally 
three fibres, passes down the inter-ganglionic commissure to the ganglion next below. 
It at first lies on the external dorsal angle of the cord, but soon makes its way 
obliquely over the external giant fibre* to a more median position, and then curves 
ventrally to run in the external region of the dorsal group of longitudinal fibres. 
These I propose to call the descending root. The remaining fibres, eight to ten in 
number, turn sharply upwards and form a column of fibres external to the external 
giant fibre. These form the ascending root (fig. 28). 

Tracing the whole bundle in its upward course to the second ganglion, it is found 
to assume a more dorsal position until it overlies the external giant fibre. Almost 
before any indications of ganglionic structure have appeared in the cord, the most 
median and largest fibre ( a , 35 (i ) detaches itself from its fellows and passes obliquely 
forwards and inwards immediately under the internal giant fibre. It continues its 
eourse across the middle line to the opposite half of the ganglion, where it divides 
into two m<dn branches. One is given off ventrally immediately after the decussation 
has been completed. It runs downwards and backwards, at first in the dorsal sulcus 
between the lateral halves of the cord in this region, and then plunging into the 
nerve substance ends in or rather forms the single process of one of the largest giant 
cells, situated in the external and anterior part of the posterior division of the, 
ventral plate of nerve cells (fig. 33, a). It will thus be seen that the most internal 
fibres of each side, after decussating, each give off a branch which runs forwards for a 
considerable distance before passing to its celL 

The rest of the fibre, or the other branch, continues horizontally across, under the 
internal giant fibre of the opposite side, to finally break up in a small mass of dorsally 
situated plexus which overlies the nerve substance between the two giant fibres. 
This plexus is mtimately related to a small group of small nerve cells on its dorsal 
surface. 

Continuing anteriorly, a second fibre (b } 18 fl) next detaches itself from the bundle 

* In. each lateral half of the inter-gang]ionic cord are two large giant fibres whioh are respectively 
dorsal and internal dorsal. They lie comnletelv dorsal to all the other fibres. 
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and runs inwards under the internal giant fibre, then curves downwards and 
decussates by the dorsal motor commissure, which is largely composed of the 
decussating motor fibres of the posterior pair of nerves (fig. 34, c). It breaks up in 
the dorsal coarse plexus of the opposite side. 

Two fibres, one 18 /a (c) the other 15 fi ( d ), are the next to leave. They take 
different courses. The first arches close round the external giant fibre and runs 
inwards a short distance towards the median line. It then turns downwards and 
forwards, running in a sulcus or fissure between two columns of longitudinal, fibres 
which I will call the internal dorsal and median dorsal columns ( cf. later). It then 
appears to divide into two branches, of which one turns inwards towards the median 
line, and breaks up in the dorsal plexus of its own side, in the region corresponding 
to that of the opposite side in which fibre (b) is lost. 

Fibre ( d ) leaves the bundle at the same time that fibre (c) does and curves 
outwards over the external giant fibre, then passes forwards and downwai'ds on the 
external surface of the nerve tissue, and breaks up in'the most lateral portion of the 
dorsal plexus of its own side, and at a level lying between the points of origin.of the 
anterior and posterior nerves. It is the only fibre which passes laterally instead of 
mesially, and from its superficial and isolated course can be easily traced. 

Two fibres (e, 12 /a, and f 12 /a) leave next and turn inwards and downwards, to 
curve under the external giant fibre and pass to the same lateral-dorsal region as 
fibre ( d ). 

The three last-mentioned fibres ( d ), (e), and (/) thus take the same course. 

Two fibres (g, 20 /a, and h, 20 /a) alone remain, and they turn abruptly downwards 
and outwards to curve down ventrally between the entering anterior and posterior 
nerves, and end in two large unipolar cells of the ventral cell-plate on the same side 
corresponding in position to the cell of the opposite side in which fibre (a) ended. 
Each gives off a branch to the dorso-lateral plexus as it passes near it. They thus 
completely resemble fibre (a) in their connections, except in the fact that they do not 
decussate. 

The following table summarizes tbe connections of the descending column of the 
posterior dorsal nerve on each side. 

It will be seen that the fibres fall in three groups defined by distribution and size. 

Groujp 1.—Three large fibres which break up in tbe coarse plexus on most dorsal 
aspect of tbe ganglion. 

Fibre a decussates . . . 35 /a. 

*’ ?Ido not decussate 
„ h \ 120/a. 


p 2 
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Group 2.—Three fibres, of which one, the largest, arches above and others below 
the external giant fibre to pass to the lateral portion of the dorsal plexus. 

Fibre d passes above external giant fibre 15 p. 

” tlpass below external giant fibre 
» J J 112 ft. 

Group 3.—Two fibres which break up in the more lateral portion of the dorsal 
plexus. 

Fibre b decussates . . . . 18 ft. 

„ c does not decussate . 18 ft. 

The table shows that there is a close agreement in size between fibres having the 
same connections. 


The Motor System of Nerves. 


When we consider together the central origin and mode of distribution of the motor 
fibres, we see that they present certain features of remarkable interest. Their 
relations are most clearly shown, because the peculiarities are most exaggerated in 
the case of the motor system of the fiexor muscles just described. 

The unit of the system is a large unipolar cell, characterised by the abundance and 
solidity of its cell substance, which is loaded with granules of a basophile nature. 
Like basophile granules generally, they colour more or less intensely with osmic 
vapour. The cell is enclosed in a nucleated sheath, and suspended by its process in 
the blood stream of the ganglion. 

The single process from this cell runs for a considerable distance without giving 
off branches. The first branches leave the main process in the ganglion, and break up 
in the general plexus of that structure. These relations are very clearly shown in 
the figures illustrating Betzius’s work ( loc. tit.). The cell process then leaves the 
nerve cord m one or other of the nerves and, on its course to the muscle, it branches 
into a great number of fibres which pass to a large mass of muscle fibres. In the 
case of the nerves to the very large flexor muscles each myomere (fig. 26) may be 

innervated by as few as ten nerve fibres, which arise from the same number of nerve 
cells. 


The fibres branch dichotomously, but one of the branches is smaller than the other 
while the larger branch is equal in size to the fibre before the branching. This is 
shown at fig. 12, and, as it occurs in the more peripheral parts of the system, in 
Hazels beautiful drawings (loo. tit). By this method of branching the transverse 
area of the unit of the motor system continuously increases as one passes 
from the nerve cell to the final ending in the muscles .# 


* These connections Faye teen traced by Retzitjs (loc 
myself in sections and dissections. 


• tit.) with the aid of 


methylene blue j and by 
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The whole structure, which we may call the unit of the motor system, is enclosed in 
a continuous nucleated sheath which forms the capsule of the nerve cell, and the 
“ tube ” of the tubular process. 

The substance of the processes is very different from the substance of the cell. The 
latter is solid and granular, the former is extremely transparent (compare Haeckel, 
loc. cit ., figs. 6, 8, 10, 11, 12), and consists of two parts :— 

(1.) Fine filaments running longitudinally; and suspended in 

(2.) A more or less fluid plasm (Krieger, loo. cit.). The junction between cell 
substance and process substance is extremely abrupt. Similar tubular fibres enclosing 
filaments are described by Sohiefferdecker and Kossel in Petromyzon * and the 
facts at present at our disposal warrant the suggestion that the filaments are the 
structures which convey the nervous impulses. 

The unit of the motor system of Astacus thus consists of the following parts :— 

(1.) A single nerve cell which, from its histological characters, and relation to the 
blood stream, appears to be a highly metabolic structure ; and which is removed by a 
considerable length of nerve from the direct track of the nervous impulses. 

(2.) A single nerve process from this cell which branches in a characteristic fashion, 
and consists of a number of filaments, presumably processes of the cell, which are 
suspended in a plasma. 

(3.) The branches of this process, and, therefore, of the single nerve cell. These are 
very numerous, are distributed to the plexus of the ganglion and to a very large mass 
of muscle fibres. 

If the prevailing conception of the trophic functions of the central nervous system 
is correct, we must regard this single nerve cell as the trophic centre for this large 
mass of muscle fibres. 

Though at first sight the motor system of the flexor muscles, consisting, as it does, 
in each metaraere of only a few fibres and cells, seems a simple one, yet a. consideration- 
of the arrangement of the flexors themselves shows that we must regard it as a simple 
contrivance arranged so as to secure a complex result. Figs. 26, 27, and 28 represent 
dissections of the flexor muscles, and it is there seen that each myomere extends over 
three metameres. The contraction of the muscles produces flexure of the abdomen, 
and, if we define the terms “origin ” and “insertion” to mean respectively the fixed 
points from which the muscle pulls and the point of attachment which is moved by 
the contraction, then we may say that each myomere has three origins and one insertion. 
Taking the myomere, the main mass of which lies in the fourth abdominal segment, 
for description, its most anterior origin is from the transverse thicke ni n g of the sternum 
in the second abdominal segment, and it is inserted into the anterior edge of the trans¬ 
verse thickening of the sternum in the fifth abdominal segment (figs. 9, 26, and 28). 
From the anterior origin to the insertion the muscle runs as a mass of tissue, with a 
great thickening in the fourth abdominal segment, and with an S-shaped curl, arranged 
* Schieffbkdeoker u. Kossel, 1 Q-ewebelelire d. Mensclilichen Korpei’s,’ figs. 129 and 130. 
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in such a way that the fibres in the thickest part of the muscle run almost transversely 
to the long axis of the animal (figs. 10a, 10b, 26, and 28). The other two origins are 
situated in the fourth abdominal segment and serve to steady the muscle. They are 
(a) a tendinous attachment to the similar muscle of the opposite side by means of a 
ventral sheet of fibres springing from the most superficial aspects of the belly of the 
myomere (fig. 28), and ( b ) an origin from the pleuron of the same side by a dorsal sheet 
of fibres (figs. 26, 2 7 S and 28). The ventral sheets of fibres are best developed in con¬ 
nection with the myotneres of the second and fifth abdominal segments. 

It is thus clear that we are dealing with a muscular machine of very great com¬ 
plexity, and one the proper working of which must depend upon the coordination of 
the contraction waves in different regions of the large mass of tissue in respect to the 
time when they occur. 

The mode of innervation of the electric apparatus of the Torpedo helps us to form a 
first mental conception of how this correlation is accomplished. In the electric organ 
the correlation is the simplest possible, namely, the discharge of the individual batteries 
at the same instant. This, as Wagner has pointed out, is accomplished by the 
agreement in the length which intervenes between the first branching of the fibre and 
the final end of each filament. In the case of the flexor muscles of Astacus the cor¬ 
relation is a threefold one— , 

(1.) A sequence in the time of contraction of the large and distinct masses of fibres 
which in sections are seen to compose each myomere ; 

(2.) The contraction at the same instant of time of the fibres of any one mass, and 

(3.) The serial contraction of the separate myomeres from before backwards. 

In case (2) the simultaneous contraction of a large number of fibres receives the 
simplest explanation, if we suppose that they are innervated by one unit of the motor 
system, and in this connection I would again draw attention to the constant relation 
which obtains between the size of the fibres and their morphological relations, and 
that the distance along the nerve fibre from the central origin of the impulse to where 
it breaks on the individual muscle fibres is the same. In other words, the explanation 
would exactly resemble that put forward by Wagner to account for the simultaneous 
discharge of the batteries of the electric organ. The sequence in the time of contrac¬ 
tion of the various fibre masses of the myomere would receive the simplest explanation 
if we referred it to differences in the length of fibre interposed, in the case of each 
unit of the motor system, between the central origin of the impulses and the muscle 
fibres. 

Lastly, the sequence in the contraction of the different myomeres we might regard 
as a phenomenon of central origin and to be referred to the time occupied in the 
* transmission of the disturbance from the higher centres down the abdominal nerve 
fcord. 

It wifi he remembered that in describing thfe motor arrangements of a typical 
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ganglion of Branchippus allusion was made to a diffuse motor system connected, not 
with the purely metameric appendage muscles, but with the longitudinal body muscles 
which simply send slips to the skin in each segment. And it was there pointed out 
that this diffuse system consisted of a column of cells on the median dorsal aspect of 
the cord, from which fibres passed to these muscles. One cannot fail to see in the 
motor system of the abdominal body muscles of Astacus a distinct reproduction of 
fhese conditions in Branchippus, for the nerves, both to the extensor and flexor 
muscles of the abdomen, that is, to the body muscles, each arise from two ganglia. 


The Inter-ganglionic Regions , or Longitudinal Commissures of the Cord. 

The longitudinal commissural parts of the cord are composed solely of tubular fibres 
running parallel to one another and of very various sizes. As has been already 
noticed, the two lateral halves in the inter-ganglionic regions are clearly marked off 
from one another by a median vertical septum of connective tissue. There is abso¬ 
lutely no admixture of what may be called ganglionic elements, that is, of nerve cells 
or plexus, with the commissural fibres ; on the contrary, the inter-ganglionic regions 
correspond, accurately and solely, to the white matter of the spinal cord of Vertebrates 
(fig. 23). As has been mentioned previously, many of the fibres continue straight 
through the ganglion to regions below. In the abdominal region, and in sections 
passing through those parts of the inter-ganglionic cords more removed from the 
ganglia, a grouping of the fibres into columns is not very obvious, owing to the slight 
development of the inner sheath. On approaching the ganglia, however, whether 
from below or from above, a distinct division into columns is very apparent. The 
fibres in different regions diverge from one another, while at the same time the median 
fissure widens, and the inner sheath becomes thicker, in order to fill the spaces thus 
formed, which appear in transverse sections as fissures, or sulci, occupied by an inward 
extension of the inner sheath (fig. 18), It should be distinctly stated that there is 
no confusion of the columns of fibres along the whole inter-ganglionic tract; there is no 
decussation or branching of fibres into this column or that, but, on the contrary, they 
maintain a parallel course without branching, the different columns simply diverging 
from one another at the upper or lower limits of the ganglia. 

The result of this divergence is that the transverse sectional area of the cord 
rapidly increases as the ganglion is approached. This increase, however, is also due 
to another cause, namely, that in each column some of the fibres branch. In one case 
the fibres were counted in one lateral half of the cord about a quarter of the distance 
between the first and second abdominal ganglia away from the latter; and again, in 
a section taken through the region where the divergence of the columns passing to the 
second ganglion had taken place. 

The number of fibres of all sizes found in the hemisection furthest from the ganglion 
was 613, in the hemisection near the ganglion 815; while in the former case the 
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large fibres numbered 161, and in the latter 225. The division of the fibres may be 
readily observed in longitudiDal sections, or teased preparations, and it is then seen 
to take place wholly without the intervention of cells. Passing on into the ganglion 
the division of certain of the fibres in each bundle is continued until they form tufts 
of fine fibres, which, just before they enter the ganglionic tissue, form a plexus, the 
fibres of which lie mainly in the general direction of the bundle. The transverse or 
obliquely running filaments also are rather finer, so that, at any rate near where it 
merges into the parallel bundles of fibres of the inter-ganglionic cord, it may be 
described as a nerve plexus, the longitudinal fibres of which are the more prominent. 

In describing the inter-ganglionic region of the ventral chain of Branchippus in the 
first part of this paper, I said that -it consisted of a fibrous core of longitudinally 
arranged fibres with oblique filaments, and a study of the primitive nervous system 
strongly impressed me with the idea that it is derived from a nerve plexus by the 
condensation of that plexus along certain lines and in certain places. The connections 
between the nerve fibres and plexuses described above I regard as suggesting this 
phylogenetic origin in the case of the nervous system of Astacus. In the Zooea of a 
Crab (one of the Paguridse) which I have examined, the ganglia in the thoracic 
region are practically continuous. There is no inter-ganglionic cord, but a continuous 
internal plexus. Here and there in this are delicate strands composed of only a few 
fibres, and traceable right up to the brain. These represent the great longitudinal 
columns of the Mammalian cord, and appear to end in the thick sheath of nerve cells 
surrounding the fibrous core. The longitudinal commissural columns or fibres between 
ganglion and ganglion have not yet appeared. In other words, the general plexus 
still performs the functions carried out in the Mammalian cord by the root zones of 
white matter, and probably, in part, by the grey matter itself, and in Astacus by the 
parallel fibres of the inter-ganglionic regions. 

As the growth of the Zooea proceeds, the ganglionic masses, the cells and fibrous 
elements of which are at first quite continuous, are, as it were, pulled apart from one 
another, to remain connected by an inter-ganglionic zone of parallel fibres. 

We may, with Ketzius, distinguish three connections for the longitudinal fibres of 
the ventral cord:— 

(1.) Directly with the plexus of the ganglion. 

(2.) Directly with the plexus of the ganglion, but with a T-shaped junction, with 
cells. 

(3.) With cells whose processes merge in the plexus of the ganglion (fig. 30). The 
connection through cells is more common in’ the higher parts of the cord. 

Paths of Conduction in the Cord, —In transverse sections through the cord just 
above or below the ganglion, the fibres in each half of the cord are clearly seen to lie 
in three main columns—dorsal, median, and ventral. Each of these again is divisible 
into three regions—internal, median, and external (fig. 18). The ventral columns are 
related chiefly to the centres of the anterior nerve, the median to the centres of the 
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posterior ventral nerves, and tlie dorsal to the dorsal nerves. The divisions of the 
respective columns which abut on the median fissure contain a larger proportion of 
fibres, which run through the ganglia without change. Thus the great conducting 
columns, that is, those fibres which correspond in the cord of Astacus to the fibres of 
the pyramidal tracts, and Goll’s column in the cord of Yertebrates, form, in the 
abdominal region, a mass of fibres, wedge-shaped in transverse section, and disposed 
symmetrically on each side of the median fissure. The base of the wedge is dorsal. 
Higher up the cord, in the thoracic region, these fibres occupy a still more dorsal 
position (fig. 24). Further, these fibres are stratified according to their connections, 
those related to the appendages being most ventral; while of the fibres related to the 
body muscles, the flexor system is dorsal to the extensor system. 

The more lateral and ventral longitudinal fibres of the cord aie commissural 
between one metamere and another. 

Minute Structure of the Fine Plexus. 

The fine plexus is added to the cord on its ventral side in the abdominal ganglia, 
and is itself composed of a most complex and dense plexus of filaments which, in 
teased preparations, and under a high power, sometimes appear faintly moniliform. 
Teased preparations or sections show that the plexus varies in the fineness of its 
elements, and in the complexity of their arrangement in different portions. Here 
and there one sees in the general mass of plexus regions of the most extraordinary 
delicacy and density (fig. 32). These are often connected with one another by bars 
of equally dense material, and the masses and bars are embedded in a plexus, the 
elements of which are larger and more loosely arranged. The appearance is very 
striking in hsematoxylin or gold-stained preparations. Into the fine plexus of the 
ganglion may be traced bundles of fine fibres derived from the nerve bundles, from 
longitudinal columns, or from the coarse plexus in which the large tubular nerve- 
fibres break up, and each bundle ends in one of these dense masses (fig. 32). The 
fine plexus is strikingly free from cells of any description. We may thus distinguish 
in the fine plexus what we may call “ centres,” each of which forms the immediate 
termination of a bundle of fine fibrils. Some of these are placed in immediate con¬ 
nection by bars of a similarly dense nature, while all are connected by the general 
mass of relatively less dense plexus. 

I have already pointed out that there are regions of the ganglionic plexus to which 
the fibres of the various nerves may be traced. These we may speak of as the 
“ centres ” for the different nerves, and each comprises a coarse plexus of interlacing 
tubular fibres and a fine plexus. The former structure is merely the expression of 
the first branching of the large nerve fibres, while to the latter may he traced 
bundles of fine fibres derived (a) directly from the fine nerve fibres or, (i b ) from the 
coarse plexus. Also by means of serial sections or teasing one can follow' a tubular 
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nerve fibre from the inter-ganglionic commissure to where it breaks up into a bundle 
of fibrils which are lost in the fine plexus. We must therefore look upon this 
structure as the place where the fibres of the nervous system ultimately communicate 
with one another. 

Lastly, the nerve fibrils passing to the fine plexus enter it in well-defined bundles 
which go to histologically distinct regions, and this structural feature we may 
correlate with the fact that each nerve contains different groups of fibres which 
supply either different muscles, or regions of the sensory surface supplied by the 
nerve as a whole, which differ in the fact that stimulation of the one region or the 
other does not produce quite identical disturbances in the central nervous system. 


Description' of Figures. 

Part I.— Branchi'ppus. 

PLATES 10-13. 

Fig. 1. Transverse section through ridge bounding the ventral groove in an inter- 
ganglionic region. The inter-ganglionic cord also shown. Oc. 4, Ob, E, 
Zeiss, Cam. Luc. 

Fig. 2. Transverse section through mandibular region and just posterior to the mouth 
showing the deep post-oral groove lined by sense cells. The long posteriorly 
directed upper lip is seen in the lower part of the figure. Oc. 4, Ob, D, 
Zeiss, Cam. Luc. 

Fig. 3. Transverse section through the right-hand cord between the circumoral 
ganglion and the brain. Oc. 2, Ob. -fe, Cam. Luc, 

Fig. 4. Transverse section through the anterior commissure and just before the exit 
of the anterior nerve of the right-hand part of the third thoracic ganglion. 
Oc. 4, Oh. E, Zeiss, Cam. Luc. 

Fig, 5. Transverse section of the right-hand half of the same ganglion passing 
through the exit of the anterior nerve, Oc. 4, Ob. E, Zeiss, Cam, Luc. 

Fig. 6. Transverse section of the right-hand half of the same ganglion, and showing 
the posterior commissure and exit of posterior nerve. Oc, 4, Ob. E, 
Cam, Luc. 

Fig, 7, A portion of a fibre from one of the appendage muscles, showing the 
termination of a nerve fibre in the protoplasmic sheath. Oc. 4, Ob# E, 
Zeiss, Cam. Luc. 

Fig. 8# A group of ectoderm cells connected with a single {condensing) ganglion cell, 
which is suspended freely in the body cavity. Oc, 2, Ob Cam. Luc. 
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Part II.— Astacus. 

PLATES 11-13. 

Fig. 9. Dissection of the second abdominal ganglion from the ventral surface. The 
tissue, which lies on the ventral face of the cord and between it and the 
posterior sternal arteries has not been disturbed. The course of the 
anterior nerve on the light side is shown, and the two main branches may 
be traced, the anterior to the pleuron and more dorsal appendage muscles, the 
posterior to where it divides into two and curves down into the appendage. 

Fig. 10. Dissection of that portion of the posterior nerve of the left side which runs 
along the ventral aspect of the flexor muscles of the abdomen. 

Fig. 10A Drawing of the same dissection from the side. The posterior nerve is still 
seen to be running on the surface of the flexor muscles. 

Fig. 10b. The same dissection seen from the dorsal side, showing the breaking up of 
the branches of the posterior nerve into fan-like tufts of fibres, which pass 
into the extensor muscles. 

Fig. 11. Transverse section through one of the anterior nerves of the second abdominal 
ganglion a short distance away from the ganglion. Osmic vapour, and 
Fleming’s fluid. Bight-hand and smaller branch passes into the appendage. 
Oc. 2, Ob, E, Zeiss, Cam. Luc. 

Fig. 12. Large nerve fibre dividing shortly after its exit from the ganglion. Fresh 
preparation. 

Fig. 13. Transverse section through an anterior nerve of the second abdominal 
ganglion, before it has divided into the two main branches. Oc. 2, Ob. E, 
Zeiss, Cam. Luc. 

Fig. 14. Transverse section through one of the posterior ventral nerves of the 
second abdominal ganglion close to its exit from that structure. Oc. 2, 
Ob. E, Zeiss, Cam. Luc. 

Fig. 15. Transverse section through the posterior dorsal nerves of the second 
abdominal ganglion shortly after their exit from the cord. Oc. 2, Ob. E, 
Zeiss, Cam. Luc. 

Fig. 16. Part of a transverse section through cord, showing the exit of the posterior 
dorsal nerves. Oc. 2, Ob. D, Zeiss, Cam. Luc. 

Fig. 17. Section through the skin near the anus, showing the process of a sense cell 
traversing the cuticle. 

Fig. 18. Transverse section through the most anterior portion of the second abdominal 
ganglion, showing divergence of columns. Oc, 4, Ob. A, Zeiss, tube 
16*8 centims. 

Fig, 19. A piece of the external sheath, or perineurium, of the ganglion isolated by 
teasing, and viewed from its internal surface. Oc, 2, Ob. -jj, Cam. Luc, 

Q 2 
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Fig. 20. Optical section through, the external or perineurial sheath of the ganglion. 
Oc. 2, Ob. tVj Cain. Luc. 

Fig 21. A bundle of fibres isolated by teasing from the interganglionic cord where 
it enters the ganglion, showing an imperfect sheath of flattened cells. 
Oc. 2, Ob. Cam. Luc. 

Fig, 22. Supporting or “ neuroglia ” cell from the ganglion. Isolated by teasing. 
Oc. 2, Ob. tS'j Cam. Luc. 

Fig. 23. Transverse section through the inter-ganglionic cord just below the second 
abdominal ganglion, showing the ascending roots of the posterior dorsal 
nerves. From a micro-photograph. 

Fig. 24. Dissection of the ganglion of the chelae to show the relative positions of the 
fibres which are going to regions below, and of the fibres passing to and 
through the substance of the ganglion. Viewed from below. 

Fig. 25. Dissection, showing the long double roots of the nerves to the chelae and 
walking legs. Viewed from below. 

Fig. 26. Dissection, showing the flexor muscles aud the origin of the nerves of 
the second and third abdominal ganglia. The extensor muscles and gut have 
been removed, and the preparation is viewed from the dorsal surface. Thin 
sheets of muscle fibres arise from the'belly of the great mass of the flexors 
in each segment, and stretch across to be joined in the middle line and 
above the nerve-cord by tendinous tissue. These are shown intact in 
Segment II., and cut in Segments V. and VI., and completely removed in 
Segments III. and IV. 

Fig. 27. Dissection, showing the most superficial aspect of the flexor muscles. The 
extensor muscles of the right-hand side have been removed. 

Fig. 28. Dissection, showing two myomeres of the flexor muscles. On the left, the 
dorsal muscle sheet, which extends outwards into the pleuron, has been 
removed. Diagrammatic. 

Fig. 29. Dissection of the extensor system, Viewed from above. 

Fig, 30. Group of nerve-cells from ganglion of chelse, isolated by teasing from the 
ending in the ganglion of a bundle of fibres from the longitudinal commis¬ 
sures. Oc. 2, Ob. yg-. 

Fig. 31. Teased preparation of “Punkt Substanz ” with two nerve cells. From 
ganglion of chelse, Oct. 2, Ob. E., Zeiss, Cam. Luc. 

Fig. 32. Section through tf Punkt Substanz,” showing the entrance of a bundle of fine 
fibres from the posterior nerve. From section next in series to Fig. 34. 
Oc. 4. Ob. T^ t Cam. Luc. 

Fig. 33, Section (slightly oblique) through region of entrance of anterior nerves, 
showing external and median centres, and the fine fibres of dorsal and 
ventral roots passing to them. From a micro-photograph. 
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Fig. 34. Section through entrance of posterior ventral nerves. Oc. 4, Ob. D 3 
Zeiss. 

Fig. 35. Longitudinal vertical section, showing the entrance of the anterior and 
posterior nerves into the ganglion. (Figures 32, 33, 34, and 35,are from the 
serial sections through the second abdominal ganglion.) 

Fig. 36. Part of transverse section through the ganglion, showing the coarser and 
more dorsal ganglionic plexus. The nerve cells, and those of the lateral 
group, which are connected with the thick-sheathed tubular fibres of the 
interior nerves. Oc. 2, Ob. ^ Cam. Luc. 
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PART I. 

Introduction. 

During a short stay at Plymouth, in 1889, I was engaged in studying certain 
points in the anatomy of Cirripedia; finding, however, that a knowledge of the 
embryology was necessary in order to arrive at a complete understanding of the.adult 
structure, I became wishful to investigate the life-history of some one member of the 
group. This I had an opportunity of doing at Naples, where I was appointed to 
occupy the Cambridge University Table at the Zoological Station for a period of sis 
months, subsequently increased to nine. I here succeeded in obtaining a practically 
complete series of stages of Balanus perforatus, BRUGurfeRE, as well as many stages 
in other members of the group. 

Though a number of able observers have occupied themselves with the embryology 
of Cirripedes, yet, owing to lack of opportunity, and to the difficulty of obtaining 
complete series of developmental stages, as well as to the inherent diffi culties in the 
subject, much remained to be done in this line. Wjxlemoes-Suhm alone, with the 
advantages afforded by his position during the Challenger Expedition, has hitherto 
obtained a complete series of stages of any one form, but he failed to trace the 
history of the earlier stages, and in the later, limited himself to the appearance of 
fresh and spirit specimens, as seen without cutting sections. In fact the method 
of sections has been little applied to the development of Cirripedes, and not at all to 
the earlier stages. There is, therefore, little apology needed for an account embracing 
the results obtained by the employment of some of the more modern methods of 
embryological study. 

My account of the development of Balanus perforatus differed in so many respects 
from that of previous observers on the same and other Cirripedia, that I was induced 
to compare the development in a number of forms, believing that the wide differences 
stated to exist must be due, at any rate in part, to actual differences in the develop¬ 
ment of the different forms, such as occurs in other groups in which the ontogeny of 
allied species and genera have been compared. This expectation w r as, however, only 
partially realised; I found, on the contrary, a great uniformity in the development of 
the different forms, an agreement, in fact, so close that all might be conveniently 
treated together. The species studied were Balanus perforatus , Chthamalus stellatus, 
Poli ; Lepas anatifera, Linn. ; L. pectinata, Spengler ; and Conchoderma virgata, 
Spengler. I was enabled by a comparison of these forms to confirm previous work 
on certain points, and to establish other facts which have, in many cases, the merit 
of reconciling apparently discordant opinions. The present account treats of the 
development of these forms as far as and including the second Nauplius stage. 

The early development of the fthizocephalan genus Peltogaster was also investi¬ 
gated, but as this form showed certain differences from the others, I judged it best to 
reserve my account of it for a future occasion.' 

MDCCCXCIV.—B. R 
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(A.) Methods op Obtaining the Ova and Embryos, and op Examining the 
Ova, Embryos, and Nauplh. 

The ova are readily obtained by cutting open the shell of the adult with a strong 
pair of scissors; the ovaries may then be distinguished through the membrane of the 
mantle cavity, or the ovigerous lamellas may be seen lying at the bottom and sides of 
the cavity, free in Balanids, but attached to the ovigerous frena in Lepads. The 
lamellse may be taken out by a pipette in the case of the smaller species, or preferably 
by a small section-lifter or pair of forceps; the latter are necessary in the case of 
the Lepads. 

Placed in watch glasses the development may be watched from time to time. I 
found it impossible, however, to trace the whole history of the development of the 
Nauplii in this way, the process invariably ceasing after a certain time for want of 
some condition I failed to ascertain, though I tried many methods of culture. Species 
perhaps vary in this respect, since Munter and Buchholz (22) succeeded in watching 
the whole course of embryonic development in one lamella of Balanus improvisus, Darw. 
In consequence of this circumstance I was compelled to examine the ova of a number 
of animals found at different stages, in order to complete the account. This was 
rendered more difficult by the fact that, as is well known, the ova of the two lamellce 
of any animal are nearly always at practically the same stage of development: one 
can consequently search for certain stages for a long time without success. Thus, 
though I examined the eggs of thousands of individuals of Balanus perforate, I never 
succeeded in obtaining an ovum, the formation of the blastoderm of which had not 
commenced, having thus the same experience as Lang, whose account of segmentation 
of this form commences when the first blastomere (his ectoderm) is already separated 
from the yolk (his endodenn). The mechanical labour of cutting through a solid 
shell, such as that of Balanus, becomes in such cases very tedious and occupies much 
time, and my best thanks are due to Dr. Eisig for supplying me with assistance in 
this matter. In other forms a number of stages were sometimes found in the same 
lamella, as in Conohoderma virgata, which agrees more with Balanus improvisus in 
this respect. 

The methods of obtaining the Nauplii are given later. 

The various stages were first of all examined by transmitted and reflected light. 
The embryos are sufficiently transparent, especially in some species, to show most of 
the details of their anatomy by transmitted light. Abbe's condenser was frequently 
found to be of considerable assistance for this purpose, the oblique light often being 
very necessary, in order to make out the cell boundaries. It was, however, always 
t^gs^y to rotate the egg by moving the cover-glass along, as eggs were rarely 
^ ails P arel[ fl' t° show the details on both sides. Some eggs, such as those 
** ^&CowhadernUz, were easily detached from one another and rotated; others, 
such as thoSi ot Balanus perforatus , were often exceedingly obstinate, in consequence 
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of the firm, character of the cementing material between the eggs. For the later 
embryonic stages reflected light was essential, and a condenser was found of great use 
in determining the boundaries of the embryonic organs. 

For the histology of the embryos picro-nitric, picro-acetic, and picro-sulphuric acids 
and Perenyi's fluid were good. Perenyi's fluid was found to be a generally useful 
reagent, and preserved all stages well, but took longer to stain than the rest. 
Picro-acetic acid was also good for the embryonic stages, and, followed with borax- 
carmine, gave excellent results. Picro-sulphuric and picro-nitric specimens, stained 
with Del afield's hsematoxylin, were also excellent, the former for the embryonic, 
and the latter for the free Nauplius stages. 

For examination of unstained Nauplii weak osmic acid, as recommended by Hoek, 
was useful, as was also weak iodine, especially in the case of Lepas and Conchodemw; 
the former could be immediately followed by Beale's carmine, in the way recommended 
by Grobben (35), but some maceration inevitably followed. In addition to these, 
the best reagents for preserving the form were corrosive sublimate, alone or with acetic 
acid, Perenyi’s fluid, and chromic acid; embryos fixed by the latter reagent were, as 
might be expected, difficult to stain, but Nauplii from the two former fluids stained 
well with borax-carmine for a short time (a few minutes to a quarter of an hour). 

Examination of preserved examples of the embryonic stages gave few results iu 
consequence of the presence of the vitelline membrane, and its resistance to staining 
reagents. 

For sections it was simply necessary to take a small piece of an ovigerous lamella 
preserved according to one of the above methods, imbed in paraffin, and afterwards 
stain on the slide. In the case of borax-carmine the staining was best done before 
imbedding. A large number of serial sections of all early stages of Lepas and 
JBalanus were obtained by the aid of the Cambridge rocking microtome.. 

(B.) Seasons at which the Ova, Embryos, and Nauplii are pound. 

Before giving an account of the mode in which the eggs are laid, it may be well to 
state where the species may be conveniently found, and the seasons of the year at 
which development takes place. 

The limestone rocks beneath the Marine Biological Laboratory at Plymouth, are 
covered in places, even considerably above high-tide mark, by small Balanids ; these 
consist chiefly of Ckthamalus stellatus, the eggs of which may be found in countless, 
numbers during the months of July and August, and probably at other times.* At 

* Nauplii of species, together with those of a species of Balanus, were frequently obtained iu 
large numbers at Plymouth by the use of the tow-net, during the months of February and March in 
1893; by the beg innin g of May they had become distinctly rare; they also appear to be rare or absent 
at other times of the year. A few Cypris-stages, probably belonging to this form, were obtained from 
tubes sent from Plymouth in the middle of May, 1892.—[10/7/93.] 

R 2 
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Newquay, in Cornwall, I found eggs also in September. At Naples the same species 
is common everywhere a little above the sea-level; it probably breeds here the whole 
year round. 

Near low-tide level, at Plymouth and Naples is the larger Balanus perfomtus , 
breeding also probably the whole year round at Naples, all stages being found at any 
time examined. Of its breeding at Plymouth I have only a single note ; eggs were 
found at the beginning of June, the only time I looked for them. 

These two species are convenient for studying the embryonic stages, the former 
from the ease with which all stages can be obtained, and the latter from the clear 
separation of blastoderm and yolk, and the distinctness with which the nuclei of the 
yolk-cells can be seen without special treatment. 

In the case of Balanus balanoides, which is sparsely scattered about at Plymouth 
and Newquay among the Chthamalus (and sometimes hard to distinguish from it), but 
very abundant at Worm’s Head, in Glamorgan, I found no eggs in July, August, or 
September, these observations agreeing with Hoek’s statement (30) that the develop¬ 
ment lasts from November to February, or later.* I may add that I could not find 
this species in the Bay of Naples, a fact agreeing with Darwin’s belief that it does 
not extend into the Mediterranean. 

For ova of Lepas anatifera , L. pectinata, and Conehoderma virgata , one has to 
rely on floating pieces of timber, ship’s bottoms, &c. All stages of development 
were found at Naples, at any time during the year the animals were brought in. 

It appears, thus, that the Cirripedes do not behave uniformly with respect to the 
time and duration of development. While some, such as Balanus perfomtus , breed 
all the year round, others, such as Balanus balanoides , have one period of develop¬ 
ment, at any rate in certain localities. According to Hesse (12), Sealpellum obliquum 
breeds in the summer; I failed also, at Naples, between the months of October and 
May, to find eggs in Balanus amphitrite , though many examples were brought me, 
so that the breeding of this species also possibly takes place only in summer. 
Darwin’s supposition that Cirripedes breed several times a year (10) must probably 
be replaced by the statement that Cirripedes breed throughout the year, or during 
only a portion of it. • 

Some observations may be here added which it was not possible to incorporate in 
the table. Nauplii of Balanus balanoides, B, porcatus , Qhthavnalus , and Verruca 
Stromia, as well as Cypris-stages of Qhthamalus stellatus, were obtained by Spence 
Bate (8), in Devonshire, during the summer. 

The development of Pollioipes polymerus was partly worked out by Nussbadm, in 
California, during the dry season. 

and Cypris-sfcages of this species appear to be abundant at Jersey, at times, during the 
spring, bAtat no other part of the year. I received examples taken by Messrs. Sinbl and Hobnell in 
Marcb > m £ by the beginning of May they bad again practically disappeared.—[13/7/98.] 



The following table shows the months in which eggs, Nanplii, or Cypris-stages, have been obtained by myself or others. 
The capitals refer to the places of observation, and the numbers to the observers. 
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i s Mead, warn organs Jure. | 9. Groom. 

* Oypris-stage observed. 

\ Ova and embryos not found, though looked for at the places indicated in bracket} 
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(C.) Oviposition, Fertilization, and Formation of the Ovigerous Lamellae. 

It is well known that the ova of Girripedes are to be found at the sides of the body 
in the mantle cavity, cemented together into more or less extensive lenticular sheets, 
termed by Darwin the “ovigerous lamefise.” 

The mode in which these are formed has long been the subject of discussion, no one 
having observed the act of opposition. 

The ovaries were recognised as early as 1835 by Wagner (52), Mertens (53), and 
Martin Saint Ange (54). The latter supposed the ova to pass into the mantle 
cavity by means of an aperture under the carina. Darwin believed, on the other 
hand, that the “ true ovaria ” were represented by glandular organs, described by 
Martin Saint Ange as appendages to the stomach, and lately shown by Hobk to be 
really such. The oviducts, according to Darwin (9, 10), passed from the true 
ovaria (“ enteric diverticula ”) in the capitulum past the base of the first, pair of cirri 
into the peduncle, to end in the branching ovarian tubes (ovaries proper); from these 
the ova were behoved to burst into the corium (immediately under the cuticle fining of 
the mantle cavity), which “ resolves itself into the very delicate membrane separately 
enveloping each ovum, and uniting them together into two lamellae.” Upon exuvia¬ 
tion the ova passed into the mantle cavity, while a new cuticle formed beneath. 

Krohn (53), recognising with the earlier observers the ovaries proper, traced the 
oviduct in the reverse direction to the base of the first pair of cirri, where they 
opened. The ova, he supposed, made their exit through this opening. 

Pagenstecher (15) did not believe with Krohn that the oviducts could be traced 
to the first pair of cirri, but rather that after passing up the peduncle they opened 
beneath the labrum. 

Kossmann (56), Hoek (39), and Nussbaum (51), on the other hand, have confirmed 
the anatomical description of Krohn, and Nussbaum (44) lias shown that the ova are 
at first placed at the month of the oviduct, becoming afterwards detached. Nuss- 
batjm also detected ova in the oviduct itself. 

I was able at the beginning of the past year to complete the evidence on this 
question by finding an individual of Lepas an atifera in the act of oviposit ion, The 
ovigerous lamella of one side had been completed, and the eggs examined from time 
to time were seen to be developing .in the usual manner; "but, on the other side, the 
had only just commenced to issue from the mouth of the oviduct, and formed a 
small soft rounded gelatinous mass continuous with a string of ova passing into the 
mouth of the oviduct, and filling the sac at the base of the first pair of cirri. The 
of Depots cmatif&'a, being of a beautiful blue colour, it was quite easy to trace the 
the oviduct, now distended with eggs, all the way from the sac at the base 
P rosoiria the ovary in the peduncle; where, not visible at 
fir€^> ^W|||e^ure revealed its existence, and its course was seen to be preoisely 
that indi<&!i$by the,last-mentioned observers, 
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It may therefore be regarded as firmly established that the ova arising, as described 
by Krohn, Kossmann, Munter and Buchholz, Hoek, and others, in the branched 
ovary, pass along the oviduct to the base of the first pair of cirri, and are ejected 
thence into the mantle cavity, where, cemented together, they form the ovigerous 
lamella. 

As to the method of fertilization, Darwin (10), Fritz Muller (55), and Spence 
Bate (21) have given facts showing that cross fertilization must take place in some 
cases. When cross fertilization fails the position of the penis seems eminently suited 
for self-fertilization, as inferred by Martin Saint Ange (54). 

As to exactly at what moment fertilization takes place I have little fresh evidence. 
Nussbaum (44) supposed at first that it occurs in Lepers before the formation of the 
egg-sacs, and, therefore, while the eggs are still in the oviduct; later, however (51), 
he supposed that the ova ^ere fertilized as they issued from the external opening of 
the oviduct ,* the fact that in the foregoing case of Lepas anatifera the ova of the 
completely developed lamella went on developing quite normally, while those in the 
small clump emitted on the other side did not develop further, though united together 
by the gelatinous cement and placed in exactly similar conditions, tends also to show 
that fertilization takes place in the mantle cavity. In all other cases (and these were 
fairly numerous) where I obtained eggs of Cirripedes freshly laid they had already 
commenced developing, and had evidently been fertilized. I am inclined to believe, 
therefore, that the spermatozoa do not enter the oviducts, and that fertilization takes 
place immediately after extrusion of the eggs, while the cementing material is still 
quite soft and easily penetrable.* 

The ovigerous lamellae vary much in size, colour, and number, not only in the 
different species, but in different individuals of the same Bpecies; they also, as has 
been previously observed, in certain cases undergo definite changes in one and the 
same individual. 

With regard to the first point, the size of the lamella is, roughly speaking, pro¬ 
portional to that of the individual. In all the species much variation in size and 
shape may be noted; the lamella may at times be very small and tolerably thin, or 
may form large sheets filling up a considerable portion of the space between the body 
and the walls of the mantle cavity. 

The newly-formed lam ella e of Lepas and Conchoderma are of a beautiful deep blue 
colour, and form a rounded gelatinous mass at the opening of the oviduct. As 
development proceeds the mass expands in all directions, and becomes a more or less 
extensive sheet of ova firmly cemented together; at the same time the colour changes 
successively from blue into purple, red, and pink. From the colour a very good idea 
Can be obtained of the stage of development of the ova, and though a particular tint 

* NusbBATJM describes the material which cements the eggs together in PoUicipes as perforated, and 
suggests that the perforations serve as passages for the spermatozoa. 
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by no means always indicates precisely the same stage of development, this fact is 
exceedingly useful. 

In ScaVpellum olliqmm (12), and apparently in Bollieipes polymerus (49), the 
lamellae are yellow. In Dichelaspis Darwinii the ova are vermilion-red (17). In 
Chthamalus stellatus, the ova, at first flesh coloured, become bright orange-red, and 
the lamftllffi pass gradually from this colour into paler orange and chrome-yellow. In 
Balanus perforates, the lamellae, at first pale yellow, become successively yellowish- 
grey and grey. Bovallius (26) has noted a similar gradation of colour in the Balani 
he studied. 

In the table, on page 130, the sizes of the ova examined are given, together with a 
few measurements previously published. My own measurements refer to the peri- 
vitelline membrane which is formed at the same corresponding period in all the 
species; this method of measurement was found to be the most convenient one owing 
to the difficulty of determining fixed points in the actual embryo. The membrane 
does not increase much, if at all, in size till the Nauplii are approaching maturity; 
any increase in growth is masked by the variations in size which occur. The vitelline 
membrane of the same species was repeatedly measured at different periods; the 
different batches (the ova of each batch being mostly at the same stage of develop¬ 
ment) often varied in average size, but quite independently of the stage reached. 

From the table it is seen that the ova vary in average length from 0*11 millim. 
in Balanus improvises to 0*31 millim. in Balanus balanoides , and in breadth from 
0*08 millim. m Dichelaspis to , O'19 millim. in Balanus balanoides . In the species 
I observed myself the range was considerably less ; the eggs varied in length from 
0*132 millim., in Lepas anatifera to 0‘202 millim. in Balanus perforates, and in 
breadth from 0*084 millim. in Chthamalus to 0*132 millim. in Conchoderma . The 
average length in species other than those of Balanus ranges between 0*164 millim. 
and 0*17 millim,, and the breadth between 0*08 millim. and 0*12 millim.* 

At first, as Hour found in Balanus perforates, no increase in size in the egg takes 
Place, but as they approach maturity the increase in size of the embryo causes 
elongation of the vitelline membrane in all the species I examined. In cases where 
the Nauplii were nearly ready to hatch, the size of the ovum was 0'25 millim. by 
0*16 millim. in Lepas anatifera; 0*19 millim. by 0*095 millim. in Chthamalus 
stellatus , and 0*24 millim. to 0*27 millim. in length by 0*127 millim. to 0*139 millim. 
in breadth in Balanus perforate; and 0*16 millim. to 0*17 millim. in Balanus 
improvisus (22); an increase amounting in most cases to one-half of the original 
length. 

* gives the size of the ova in some genera, those of Ohtlcma'fos and ScaVpelktm measuring 

respectively 0*176 millim. to 0*578 millim. In h&pctfi the length varies from 0*176 millim, to 0*&26 
nriffiaLf and mfcilanus from 0*239 millim, to 0*314 millim. But it seems probable that the latest stages 
are included in these measurements, and that the measurements in consequence cannot be precisely 
compared *ith those m the table. They are, however, practically within the ranges given in the tables 
for the corresponding genera. 
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Apart from this increase of size, the egg of Lepas pectinata is thus a little smaller 
than that of Lepas anatifera, especially in breadth, and is rather more ovate. In Con- 
choderma virgata the eggs are a little larger than those of Lepas anatifera , especially 
in breadth. In Dichelaspis Darwinii , according to Fruppi, the eggs are smaller than 
in the foregoing genera, especially in breadth, a fact agreeing with the smaller size of 
the Nauplius when first hatched. The eggs of Chthamalus are longer than those 
of the foregoing genera, but as in Dichelaspis, narrower than in Lepas and Concho - 
derma. In Balanus perforatus , as above stated, the eggs are generally longer 
than in any of the foregoing, but of a breadth intermediate between that of Lepas 
anatifera and Lepas pectinata. The egg of Balanus improvisus is apparently shorter 
than those of the foregoing, but of the same width as Chthamalus; while that of 
Balanus halanoides is larger in both directions than any of the rest. In this genus, 
as in the others, and generally in the group, the size of the egg has a distinct relation 
to that of the Nauplius, but none to that of the adult. 

In the table is also given the range of variation in the size of the ova. The 
variation is greatest in Balanus perforatus and Lepas anatifera, and least in Lepas 
pectinata. 

The ova of each ovigerous lamella show a certain amount of variation, the range of 
which varies with the species and individual; thus five.ova of Balanus perforatus at 
an early stage taken from one lamella varied in length between 0T76 millim. and 
0*208 millim., while five older eggs taken from the lamella of a different individual 
varied in length 0195 millim. and 0*202 millim.; in breadth the ova of the former 
hatch varied from 0*113 millim. to 0*12 millim., while those of the latter varied from 
0*094 millim. to 0*107 millim. The average length of both the batches is 0*195 
millim., while the average breadths are 0*115 millim. and 0*101 millim. Longer ova 
are sometimes correspondingly less in width; thus, an egg 0*176 millim. in length was 
0*12 millim. in breadth, while one 0*195 millim, in length, measured 0*107 millim. in 
breadth; generally, however, the longer ova are also broader; thus, a batch of ova 
averaging 0*151 millim. in length, were on the average 0*088 millim. in breadth, 
while a second lot, averaging 0*186 millim. in length averaged 0*11 millim. in breadth. 
Thus the length varies to a certain extent independently of the breadth, giving rise 
to differences of shape as well as size. 

The average length and breadth also, as may be seen from the last example, varied 
in the different batches. 

The amount of variation differs, apparently, in the different species, eighteen ova of 
Lepas anatifera varying between 0*132 and 0*189 millim. in length, and between 
0*101 and 0*12 millim . in breadth; while seventeen ova of Conchoderma virgata varied 
between 0*158 and 0*186 millim. in length, and between 0*095 and 0*132 millim. in 
breadth. 


MDCCOXOIY,—B. 



M i? aRT mttMiEN Ts of the Ova of Cirripedes in parts of a millimetre. 
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PART II.—EMBRYONIC DEVELOPMENT. 

Stage A. 

* The freshly laid Ovum.—Polar Bodies.—Formation of the First Blastomere . 

The minute changes undergone by the Cirripede ovum during the earlier part of 
the embryonic period of development have been studied, in more or less detail, but 
often with very divergent results, by Filippi (17), Fritz Muller (16), Hotter and 
Buchholz (22), Bovalltus (26), Willemoes-Suhm (28), Hoek (30), Lang (32), 
Nasonov (40), Weismann and Ishikawa (43), Solger (49), and Nussbaum (44, 
48, '51). Of these Weismann and Ishikawa, and Solger have confined themselves 
to the origin of the polar bodies. F. Muller in Tetraclita; Munter and Buchholz, 
Bovallius, Hoek, Lang, and Nasonov in Balanus ; and Willemoes-Suhm in 
Lepas, have described the segmentation as total. Filippi alone denied the existence 
of a nucleus in the “ nutritive sphere.” The views of these authors will be referred 
to again in the sequel, and I may say that my results while agreeing in many 
particulars with the accounts given, yet differ considerably in some respects, and I 
shall endeavour to show that in Cirripedes we have an extreme case of the process 
known as epibolic gastrulation. 

Lepas anatifera. 

The freshly laid ovum of Lepas anatifera (fig. 1) consists of a finely granular dark 
protoplasm, coarse and fine yolk granules, together with oil globules of various sizes. 
A colouring matter (soluble in spirit) gives the ovum a characteristic blue colour 
in many of the species. It colours both the oil globules and yolk granules : it 
apparently does not exist in a solid form, but as a solution which may sometimes be 
seen as a transparent liquid between the vitelline membrane and the embryo. Thus 
in one example the embryo lay in a blue solution inside the vitelline membrane. 
The blue colour becomes in older embryos replaced by red. As the embryo grows 
older the coloured yolk is used up in the formation of the almost colourless or darkly 
granular protoplasm, and the colour of the egg accordingly becomes fainter and 
fainter. This remark also applies to the ova of other genera with colouring matter 
of a different tint. 

The protoplasm itself consists of very small refractive granules embedded in a 
relatively small quantity of a clear hyaline substance which can rarely be distinctly 
seen" except at the periphery of the ovum, in the pseudopodia given off at the 
anterior pole, or in the vicinity of the nuclei. 

The oil globules in the Cirripede ovum vary considerably in size, number, and 
colour. In the species under consideration, they are relatively large and few in 
number, and often measure as much as 0‘015 millim. or more. They may be readily 

s 2 
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recognized by blackening in osmic acid. In spirit specimens they are represented by 
cavities, and tbe circular spaces seen in thin slices are sections of these. I do not 
believe true vacuoles occur in tbe ovum of any of the Cirripedes examined. 

The yolk granules (which vary in size with the species) commonly measure about 
0*005 million, but smaller sized ones occur between these, and such occasionally 
predominate. Under the influence of certain reagents they fuse; in other cases they 
appear spherical, but when well preserved and numerous they are squeezed by 
mutual pressure into polyhedral bodies of fairly uniform size (in the meshes of which 
are a number of smaller rounded granules). A peculiarity of the yolk granules is 
that they are hollow, being perhaps comparable in this respect to the “ pseudo-cells ” 
in Hydra (34). The yolk parts with picric acid and takes up staining matter with 
much more difficulty than the protoplasm. 

A nucleus is not visible in the ovum at this stage without special treatment. 

The freshly laid ovum (fig. l) takes a definite shape (varying with the species), 
which is nearly ellipsoidal in Lepas anatifera. The egg membrane seen round all 
advanced embryos is not yet present: the ovum is motionless, and the constituents are 
uniformly scattered over it. 

The first change perceptible in the egg of Lepas consists in the slight elongation, 
and in the appearance of a clear spot at the point situated most anteriorly, i.e. } at 
the apex of the blunt end of the ovum. A small dome-shaped mass of clear 
protoplasm elevates itself above the contour of the egg, gradually becomes conical, 
bacillus^shaped, pear-shaped, and finally constricts off as a clear spherical vesicle 
containing a few refractive granules (fig. 2), and showing on staining a nucleus with 
several chromatin’ elements.* This is the first polar body. It lies generally at 
the apex, hut sometimes a little on one side, as has been stated by Nasonov for 
Balanus improvisus (40, 41), 

Sections of the ovum just before the formation of the vesicle always show a 
nucleus, usually very small, situated peripherally; this may be spindle-shaped or 
spherical according as division is taking place or not. The direction of the spindle is 
generally parallel to the longer axis of the egg, but in some cases was nearly parallel 
to the surface and to a transverse axis. The perfectly uniform distribution of the 
protoplasm and yolk granules is very evident in these sections, which stain with 
a uniform pale tint. No radial striations of the protoplasm round the ends of the 
spindle could he detected during the formation of either the first or second polar 
body. 

The first directive spindle has already been observed by Weismann and Ishtkawa 
(43), In this, as in other cases, the germinal vesicle changed into the first directive 
fpindle while the eggs were still in the ovary, 

* Tte ixmfax of chromatic elements varies; it appears fa be commonly four or five, but, in some 
cases -was, as&^asl oouU make out, as many as ten or twelve. 
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As the constriction off of the first polar body takes place, the external hyaline layer 
of protoplasm secretes a delicate firm pellicle—the vitelline or perivitelline membrane, 
which encloses the ovum until the Nauplius is hatched. It was termed the “ decidua ” 
by Filtppi, but was regarded by Nussbatjm in Pollieipes as a vitelline membrane; the 
correctness of this latter designation follows from Solger’s observations on Bcdamts, as 
well as from my own investigations on Lepas, Conchoderma, and Chthamalus. 

The fertilization must, as N gssbaum supposes in Pollicipes , take place before 
the next following stage, when the second polar body is formed within the vitelline 
membrane, ova found at this latter stage developing normally. I can affirm the same 
of Lepas , with the addition that ova do not appear to undergo any further changes 
unless they have been fertilized. In the case of the individual spoken of under the 
heading of fertilization, the ovigerous lamella on one side formed a soft mass, the ova 
of which were giving off the second polar body; these later formed a perfectly 
normal blastoderm, and had evidently been fertilized. On the other side, the ova were 
only commencing to issue from the mouth of the oviduct, and had not yet given off the 
first polar body. These, which were carefully observed under the same conditions as 
the ova on the other side, soon gave off the first polar body quite normally, and 
formed a vitelline membrane, but proceeded no further. 

From these facts we may, I think, conclude firstly, that the entrance of the 
spermatozoon takes place after and independently of the formation of the first polar 
body, but before the formation of the second; secondly, that fertilization probably 
takes place in the mantle-cavity outside the oviduct; and thirdly, that the formation 
of the vitelline membrane is associated with the origin of the first polar body, and 
quite independent of the act of fertilization. This fact gains in interest when it is 
understood that a similar membrane is also probably associated with the formation of 
the second polar body in the case of Peltogaster, the early development of which I 
hope to give in a future communication. 

The vitelline membrane preserves more or less the shape of the ovum at the time 
of its formation. In nearly all Cirripedes an anterior or larger, and a posterior or 
smaller polf are readily discernible from the first, though the difference between them 
becomes accentuated as development proceeds. It appears thus that the anterior and 
posterior poles are already determined at this period. It may be that the ovum, at 
first indifferent as to which of the poles of the elongated unfertilized ovum becomes 
anterior, only becomes orientated upon fertilization, Hoek’s observation on Bodarms 
balanoides seems to point to the conclusion that fertilization takes place at the 
posterior end of the ovum, but even in this case it may be that the pole to be 
fertilized was predetermined. I have only one observation bearing on this point; in 
the unfertilized ovum of Lepas anatifera I could distinguish no difference between the 
two poles ; it must be noted, however, that the two poles show little difference in this 
species during any of the early embryonic phases. 

The entrance of the spermatozoon lias never been witnessed in Cirripedes. Hoek 
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observed what were apparently remnants of spermatozoa beneath the vitelline 
membrane at the posterior end of the ovum in Balanus balanoides , though the occur¬ 
rence of such beneath the membrane is somewhat puzzling, considering the mode of 
formation of the latter. 

Sections made of ova of Lepas anatifera before or shortly after the formation of 
the first.polar body show the first directive spindle or a small round nucleus with 
several chromatin elements. Though I searched very closely I failed to determine 
with certainty any body which might represent the male pronucleus, though the 
spermatozoon had evidently penetrated the egg, The male pronucleus must be 
exceedingly small and easily overlooked, otherwise it would be necessary to oon.cJ.ude 
that the fusion of the two pronuclei takes place immediately after the first polar body 
is formed (in which case it would be very rarely detected in ova which had given off 
the first polar body); but this seems improbable, though traces of a male pronucleus 
were never found in sections at any later phase, even in ova where the second polar 
body was being or had just been given off, though many ova were examined, the 
preservation and staining of which, as far as the chromatin elements were concerned, 
were excellent. 

After the formation of the vitelline membrane and fertilization, the contents of the 
egg contract considerably (figs. 3, 44); that this is a result of fertilization follows from 
the fact that, while fertilized eggs contract, unfertilized ones remain uncontracted.* 

The protoplasm now commences to undergo marked rhythmical contractions (figs. 

44, 45), and after a time again swells somewhat; the clear area at the anterior end 
becomes amoeboid, and throws out short blunt pseudapodia (fig. 3), which are as often 
retracted. 

A blunt process, similar at first to these, gradually rises higher, and eventually 
becomes constricted off, and forms the second polar body\ (figs. 4, 43). 

Sections at this stage show either a nucleus, or the second directive spindle close 
to the surface (fig. 100), with its long axis parallel to that of the ovum. 

The contractions of the ovum are now very marked, and give it very different 
appearances at different times (of. Lepas peetinata , figs. 44, 45, 46). These move¬ 
ments are accompanied by a gradual redistribution of the material of the ovum, 
together with probably a production of new protoplasm from the yolk j this results 
in the accumulation of protoplasm in the centre of the egg, and soon in the forma¬ 
tion of a protoplasmic part at one end, as distinct from the yolk (fig. 5 j also of. figs. 

45, S3). The first attempts of the protoplasm to assume a polar position are often 

* - Amon ? tlle unfertilized ova which showed diminution in size were a few that did not, and had 

given off a second polar body within the vitelline membrane; whether these were also tuifertilized and 
an exC0 ption, or were fertilized by stray spermatozoa, I cannot say. 

, i’ unfertilized ova, though no second polar hody was observed, one was certainly 

bein$jf «®^Sd, though prevented from emerging by the close adherence of the egg to the vitelline 
membrfc^ owing to the absence of the contraction of the ovum following upon fertilization, for nearly all 
the sections showed the nucleus dividing again at the periphery of the ovum, precisely as in fig. K>0. 
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somewhat crude, and the protoplasm forms an irregular readily-staining mass, some 
times with small outliers sharply separated from the feebly-staining yolk. 

The polar bodies become pale and disintegrated, and the external one often gets 
washed away* The protoplasm is at last mainly collected at the anterior pole of the 
egg, and the yolk at the other (figs. 6, 7)i The protoplasm is grey in colour and 
finely granular ; the yolk includes nearly all the larger granules and oil globules, but 
contains some protoplasm, which is centrally situated* The inferior or yolk half of 
the egg generally forms more than half of the whole, but oftea (fig* 7) the protoplasmic 
portion is the larger. The nucleus, which, during the period at which the ovum was 
undergoing contraction, was small and situated peripherally and anteriorly, and was 
invisible without special preparation, now becomes larger, and appears as a definite 
clear spot (or as a not easily staining vesicle in section), sometimes accompanied by 
radial striation of the protoplasm, and often visible only on pressure (fig. 7): it simul¬ 
taneously travels towards the middle of the protoplasm. The surface separating the 
protoplasmic half from the yolk commonly intersects the’ ovum in a perfect circle, and 
marks off what will form the first blastomere ; though marked off from the yolk 
pretty sharply peripherally, the central portion of the latter has a protoplasmic mass 
continuous with that of the blastomere. The protoplasmic portion has almost univer¬ 
sally been regarded as ectoderm, and the yolk as endoderm. There is, however, in 
nearly all cases, a single nucleus in the protoplasmic portion ; the yolk at this stage 
is devoid of a special nucleus and is in no way comparable to an endoderm cell. 

In the further development of the embryo the protoplasmic part supplies the nuclei, 
while .the yolk provides most of the material for the protoplasm of the remainder of 
the ectoderm, as well as for that of the mesoderm and endoderm. 

Yery generally (as in all the other species) the line of separation of the protoplasm 
and yolk is almost accurately transverse, as described or figured by Filipfi, Munteb, 
and Buchholz, Hoek, and Lang, for other Cirripedes. In many cases, however, it 
lies at a small or considerable inclination to the longer axis of the ovum (fig. 10); we 
may thus get, as Nussbaum has observed in Pollicipes , all transitions from a nearly 
longitudinal to a trausverse plane, arising by simple variation, without it being at all 
necessary to assume, as Nussbaum has done, a rotation of the plane. Nussbaum 
supposed that the plane of separation (his first cleavage plane) is parallel to the 
longer axis of the ovum, and later, rotates and becomes transverse. I carefully 
investigated the earlier stages from this point of view, and convinced myself that no 
rptation whatever occurs. In the position of the polar bodies my evidence is at 
variance with the statements of Nussbaum, and the facts are, I think, conclusive in 
favour of my own view. The polar bodies, it is admitted on all hands, are formed at 
the anterior pole; if rotation occurs the polar bodies which adhere closely to the 
protoplasm, must, as Nussbaum assumes, share in the movement, and in the case of 
ova with oblique basal planes should show an obliquely situated polar body. Fig, 48 
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(Lepas pectinata) shows quite clearly that this is not the case ;* mostly, however, 
the polar bodies become rapidly lost, and I think the bodies supposed by Ntjssbaum 
to be polar bodies, and found by him in the furrow between the yolk and protoplasmic 
half, cannot be such. I have also, frequently seen cases when the wall was accurately 
transverse, and the polar body situated apically (figs. 6 and 7). Lastly I have been 
able to watch the gradual formation of the protoplasmic half in a single ovum ; the 
line of junction in these cases was transverse from the first. Nussbaum must then, I 
think, look elsewhere for support for the theory (44) he has based on this supposed 
rotation. 

The shape of the protoplasmic portion of the egg at this stage is generally ovoid, 
a central plug of greater or less extent reaching into the middle of the yolk, which 
thus fits like a thick-bottomed bowl on to the central mass; it is this ovoid mass 
which meets the periphery of the ovum in a circle. 

In favourable sections the nucleus may often he seen to be dividing in a more or 
less longitudbaL direction. Fig. 101 shows the spindle of the segmentation-nucleus. 
As the first hlastomere becomes constricted off, a transverse wall separates it from the 
yolk-cell, which receives into its central protoplasmic mass one of the daughter ■'nuclei 
of the segmentation-nucleus (fig. 102). Traces of the spindle are often seen after the 
formation of the wall, and appear to penetrate the latter (figs. 102, 103). Finally 
the two daughter-nuclei become quite separate (fig. 104). 

Attention may be drawn to the fact that the axis of the spindle of the segmen¬ 
tation-nucleus is not at right angles to that of the second directive spindle; it is quite 
possible,, however, that rotation of the nucleus has taken place in the meantime. 

Stage Bi 

(A.) formation of the Second Blastomere, 

Lepas amti/era. 

The protoplasm of the first blastomere gives rise to a portion only of the ectoderm. 
It has been supposed by all previous observers (Buchholz, Hoek, Lang, Nasonov, 
Nussbattm) that the J ectoderm of the Cirrlpede arises by extension and division of 
this cell only. Lang states that in JBalanus pefforatus the earlier stages are 
produced by division of this cell according to a definite law, while Nasonov gives in 
Bcdanus a definite law for the extension of the ectoderm over the whole of the yolk. 
For some time after studying the segmentation of the ovum I myself believed that 
these statements might be generally true, but signally failed in endeavouring to find 
the law according to which division proceeded, and before long discovered that the 
not merely owing to very considerable variation in the development, hut 
process which has been completely overlooked.' Between the stage with one 

* Nu 8SMUM does not figure or describe any case of this sort. 
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blastoderm cell, and that with three, I could find no transitions, as also between 
many other stages. Allowing everything for variation I was unable to explain the 
facts. After much time wasted in these endeavour's I found the true explanation. 
The second blastomere does not come from the first, but from the yolk; this at 
once gave the clue to the development, and further progress was easy. 

The first external indications of the formation of the second blastomere are the 
gradual appearance of small granules over a definite area of the yolk to one side of 
the first cell ( cf. figs. 50, 86, 88): these, from the first appearance of the patch, have a 
radial arrangement round a point situated near the periphery : the granules are seen to 
be arranged in long moniliform rows, between which are other smaller ones not showing 
any definite arrangement: between the rows are clear and thin lines meeting in a 
small central space ; at intervals along the clear lines dilatations occur. As the 
granular protoplasm increases, the dark central granular part of the yolk comes to the 
surface, and the whole body of the newly forming cell gets sharply defined peri¬ 
pherally (fig. 9); finally, the fully-formed cell may project considerably (fig. 12) 
above the surface, clearly defined peripherally, but not sharply marked off centrally 
from the yolk. 

The portion of protoplasm belonging to the yolk after the formation of the first 
blastomere may, from the first, be situated at the surface (fig. 103), in which case 
the smaller spindle is obliquely directed. 

The protoplasm of the cell is clearly in part a replacement of and outgrowth from 
the yolk, and it is very evident that some of the finely granular, protoplasm is formed 
at the expense of the coarse granules and oil globules of the yolk, since the former at 
first, in many cases, increases greatly in bulk, and occupies the position of the latter, 
which undergoes corresponding diminution : a portion, however, often very consider¬ 
able in the case of the second blastomere, is formed from the central granular mass of 
the yolk, which, with the nucleus, has come to the surface. The colouring matter of 
the yolk thus transformed is simultaneously lost, so that a contrast in colour occurs 
between the greyish protoplasm and the coloured yolk. 

The nucleus sometimes undergoes division, while the granular matter still occupies 
a central position in the yolk, and thus we get the appearance shown in fig. 8. 

Sections at this stage showed that the two nuclei were certainly in some cases the 
result of division, so that they could not represent, as Nussb^um maintains, the two 
pronuclei; they are very rarely seen until the separation of yolk and blastoderm is far 
advanced, and are preceded by a stage with a single clear nucleus, which at first is 
not visible. The two pronuclei are probably small; the female pronudeus certainly 
is at first, and the clear spot appearing with the separation of the protoplasm is almost 
certainly the segmentation-nucleus. I will not, however, absolutely deny the possi¬ 
bility of such nuclei being in some cases respectively the female pronucleus, and the 
male pronucleus greatly grown since an earlier stage. 

The nucleus of the second cell, at first sometimes scarcely discernible, as the centrf 
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of radiation previously mentioned, grows into a clearly defined round vesicle, in tLe 
neighbourhood of which the granules for a considerable time retain their radial 
arrangement (fig. 14). 

The second cell usually makes its appearance on one side of the yolk immediately 
below the first one, against which it abuts, while the free part of the circumference is 
part of a circle or oval. When completely formed it may occupy only a portion of the 
side on which it appears, or may extend down as far as the posterior pole of the yolk, 
and take up quite half of the latter (of fig. 48). When the protoplasm and yolk are 
both dark, as is often the case in Le^tas, the first and second blastomeres are, at first 
sight, only to he separated with difficulty, and such appearances must, I think, have 
given rise to the statement of Lang that one of the daughter-cells of the first 
blastomere in Balanus grows down on one side and divides off. On careful ex¬ 
amination and rotation of the ovum, the two are quite clearly separated, as in fig. 12. 

Stages in the origin of blastomeres, in the way above described, from the yolk have 
evidently been observed by Lang, Nussbaxjm, and Nasonov, though the first-named 
stated that the appearance indicated the position of the blastopore, while both the 
latter would apparently regard it simply as the nucleus of the larger cell. That it 
does not mark the position of the blastopore is evident from the faot that it does not 
coincide with the point of closure of the blastoderm in any of the forms I have 
studied ; moreover, similar cells are seen to arise in quite different positions at later 
stages, sometimes two or more at a time. That it is not a mere nucleus is easily 
seen by examination. Korsohelt and Heider, in their excellent c Lehrbuch der 
vergleichenden Entwicklungsgeschichte/ truly remark that, judging from NasONOV’s 
figures, new cellular elements are formed from the yolk. 

I did not succeed in ascertaining what determined the side of the ovum on which 
the second blastomere appeared, but that it was neither light nor gravity is evident, 
firstly, from the fact that light is practically cut off from the ova in many cases ; 
and secondly, that the ova in ovigerous lamellae of Chthamalus, which were 
sufficiently transparent to examine without disturbing their relative position, showed 
that the position of the cell was apparently quite capricious. 

It may be noted that when the first epiblastio cell was separated from the yolk by 
a plane inclined towards one side, the second appeared very generally on the opposite 
side (figs. 10, 12; cf also figs. 48, 87). This would seem to point to the conclusion 
already drawn by ITasonov, on observing the inclination of the plane, that the 
bilateral symmetry of the adult is determined at this early period. I failed, however, 
to confirm his statement that the polar bodies are always a little to one side. 



(B.) Growth of the Blastoderm over the Yolk, 

the following account more easily understood, it may be stated that the 
^^eovered by cells arising in the same way as the second blastomere, 
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except that the central dark mass of granular matter, at first present in the yolk, is 
mainly used up in the formation of the second cell, and a fresh formation of proto¬ 
plasm necessary; these cells arise generally in contiguity with the previous formed 
cells ; the latter, in the meantime, divide. 

The blastoderm covering the yolk gradually extends from the anterior to the 
posterior pole; and the complete blastoderm at the close of the stage is the result 
both of the origin of cells from the yolk, and of the division of such cells. 

I spent much time in following the details of this process, with the result that I 
have been able to establish very considerable variation. It may be of interest, as 
indicating the purely physiological meaning of many of the processes of cell-division 
and disposition in Cirripede embryos, to give some of the main lines of development. 

It will be convenient to refer to the plane passing through the junction of the 
periphery of the first blastoderm cell with the yolk as the basal plane, and to have a 
term for the nucleus with its surrounding protoplasm while still wholly or partly in 
the yolk. Lang employs Ruckert’s term merocyte for such a cell in the case of 
meroblastic ova, and it appears to me that this term may be conveniently used in the 
present case. 

"We may, therefore, speak of the emergence of a merocyte at the surface, and term 
the cells which cover the yolk blastomeres, whether they arise directly from the yolk 
or by division of the blastomeres formed earlier. 

The species whose embryonic development has been studied by myself or others 
are: Lepas an-atifera , L. pectinata, L. Hillii, L. fascicularis , Conchoderma virgata , 
Dichelaspis Darwinii, Scalpellum vulgare, Pollidpes polymer us, Chthamalus stellatus, 
Tetrciclita porosa, Balanus perforatus , B. improvisus, and B. balanoides. Other 
species were investigated by Bovallius, but they were not distinguished, and the 
account given by him differs so completely from my own that I have been unable to 
make use of his observations; but it is probable, from his figures and .descriptions, 
that the development is similar to that of other forms, a probability which is reduced 
alm ost to a certainty by the fact that one of the species was Balanus balanoides, a 
form investigated also by Hoek, whose account can be readily brought into relation 
with my own. 

In Lepas anatifera the basal plane may he transverse (figs. 8, 9) or oblique 
(figs. 10, 12). 

After the emergence of the second merocyte (II.) the first blastoderm cell (I.) may 
divide into two cells placed symmetrically on each side of II. (fig. 14); or the plane of 
division may make any angle with that containing the nucleus of II., and the long 
axis of the egg (fig. 13). 

A third merocyte (III.) may then emerge either to the right or left of II, (figs. 15, 
16); while II. may sometimes divide in the same plane as I. 

In a second series I. remains at first undivided, and II. divides into two cells 
(IIa, and IIb.) placed symmetrically on each side of I. (figs, 17, 17a), The third 
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merocvte (III.) then emerges generally immediately below II., while a fourth (IV.) 
may appear beneath I. on the side opposite to II. In the meantime I. divides 
transversely into a cell (Ia.) near the apex and a more posteriorly situated one (Ib.) 
situated on the side opposite II. 

Other variations occur, but enough have been given to show that there is no 
constancy in the mode of growth of the blastoderm over the yolk. 

In the early as in the later stages, the merocyte before emerging from the yolk 
may not uncommonly be seen to give rise by division to a second merocyte (fig. 17 a), 
which may either produce a blastomere near the spot where it arose, or may pass to 
a more distant part of the yolk. 


(C.) Completion of the Blastoderm and closure of the Blastopore. 

Leyas anatifera, <&c. 

The exact details of the further development were not ascertained. With a larger 
number of cells the examination becomes increasingly difficult, both because the 
investigation of the number and position of the cells is very laborious, and because 
it is almost impossible to say in the latter stages how any given arrangement has 
arisen, owing to the double mode of origin of the blastomeres. As, therefore, the 
early stages had shown that there was so large an amount of variation in the develop¬ 
ment, I was unwilling to spend more time on the subject. The figures of the various 
species will give a sufficiently good idea of the further growth of the blastoderm, 
and a brief description, together with the explanations of the plates, is all that is 
necessary. 

The further growth of the blastoderm takes place in precisely the same manner as 
in the earlier stages, i.e., by the emergence of merocytes from the yolk and the 
division of blastoderm cells. While the merocytes are emerging as blastomeres, which 
generally takes place at the edge of the blastoderm, though sometimes at a distance 
from it, the earliest formed cells divide up further, so that the largest cells are some¬ 
times found at the periphery of the blastoderm, and the smaller nearer the centre. 

As in the earlier stages, there is a distinct tendency in the more advanced stages 
towards bilateral symmetry in the disposition of the cells, and the side of the ovum 
on which the second merocyte emerged and which took the lead in growth usually 
maintains/ I believe throughout development, its lead. The blastoderm is finally 
completed in most cases on what is probably the dorsal side of the embryo at a 
little distance from the posterior end of the egg, The position of the blastopore, 
however,■ varies somewhat; it is generally apparently close to the position later 
occupied by the anus, but not uncommonly it is terminal or even some tim es ventral; 
in one -ftaae it was at a considerable distance in front of the end of the embryo. 

With-the exception of these tendencies I could detect no law in the mode of 
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growth of the blastoderm; the variation is so great that the process may be said 
to be irregular. 

The method of closure of the blastopore is difficult to observe, and was not 
witnessed in Lepas anatifera, but I succeeded in seeing it once or twice in other 
species (see figures of Balanus perforatus and Chthamalus stellatvs). 

The end of the yolk projects out at one point as a small rounded elevation (figs. 21 
and 22), often of somewhat irregular outline when seen from above. A merocyte 
appears in the centre of this (figs. 68, 71,94, and 127), and fills up the gap between the 
surrounding cells, and family emerges from the yolk as a blastomere. 

Immediately after this stage the embryo in Balanus perforatus consists of a single 
layer of cells enclosing an undivided yolk (fig. 70). All trace of the blastopore is 
lost, and I failed to observe any such pit as that described by Ntjssbaum: in Pollicipes 
(51) at a later stage, and can confidently affirm that no such exists immediately after 
the closure of the blastopore. 

I am unable to say how many merocytes take part in the formation of the blasto¬ 
derm ; in all probability the number is variable, but not large. As the ovum is often 
half covered when four or five have emerged, some such number as nine or ten may 
not be far from the mark. 

The number of cells composing the blastoderm at the time of the closure of the 
blastopore is also variable; some embryos ( Lepas pectinata) ill which the latter was 
completely closed showed less than twenty cells, while others with an open blastopore 
showed a far greater number (of fig. 69 of Balanus perforatus). 

In the vast majority of cases the yolk does not commence dividing until it is com¬ 
pletely covered by the blastoderm, but rarely division into two takes place {cf fig. 96 
in Chthamalus stellatus). 

The mode of formation of the blastoderm of all the other species of Cirripedia 
investigated agrees, as far as could be observed, in all essential particulars with that 
given for Lepas 3 but it has been thought well to mention some of the chief points 
under the heading of each specieB to illustrate the great uniformity in the general 
mode of development throughout the group, and, at the same time, to indicate a few 
points observed less perfectly in Lepas anatifera , as well as to call attention to 
slight variations not observed yet in this species. 

- (D.) Stages [A), (B) } and ( C) in various species, 

Lepas pectinata. 

In this as in all other species examined, the course of development is similar in all 
essential points. The ollowing points may be specially mentioned. 

The egg is more ovate than that of Lepas anatifera , but does not differ otherwise to 
the eye. The colouring matter is blue, and the egg dark, the protoplasm and yolk not 
being readily separated. Two polar bodies were observed, the first being formed 
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without, and the second within the vitelline membrane; it is worthy of note, in 
connection with Nttssbatjm’s account of the earlier stages of segmentation, that the 
second polar body may he seen to be apically situated in eggs, the basal plane of which 
is transverse to the long axis (fig. 47). 

The egg undergoes wave-like contractions (figs. 44-46), and the protoplasm collects 
at the broader end (fig. 46), and becomes separated off from the rest along a basal 
plane, which may be transverse (fig. 47), or oblique (fig. 48). This protoplasmic 
portion may be larger than the rest of the ovum (fig. 46), and the nucleus becomes 
visible after a time as a clear spot inside it (fig. 46). 

The first blastomere (I.) may divide by a longitudinal constriction, or the second 
(II) may do so first. IE. may appear beneath II., or on one side of it; IV. beneath 
L, and V. beneath III. Sometimes I. divides into two cells placed anteriorly and 
posteriorly respectively. 

Conchoderma virgata. 

The egg is nearly ellipsoidal in this species : the colouring matter is blue; the 
protoplasm and yolk are both dark. The protoplasm collects at one end, the yolk 
at the other. The basal plane may be transverse or oblique. I. divides by a 
longitudinal constriction, the axial plane passing between its two daughter-cells 
making any angle with that passing through the nucleus of II. III. arises to the 
right or left of II., or II. divides, by a longitudinal constriction, into two cells, 
beneath which El. appears. The yolk becomes covered by blastomeres emerging 
as in Lepas ; the blastopore occupies a sub-terminal (or terminal) position at the 
posterior end of the embryo. 

Scalpelhtm obliquum . 

In this species, according to Hesse, the colouring matter is yellow. 

Pollicipes polymerus . 

In this form, the development of which has been partially studied by NusSBATTM 
(48, 51), the egg is ovate in shape. The first directive spindle, according to 
this observer, is formed while the ovum is still in the ovary. The first polar 
body is found outside, the second inside the vitelline membrane. The egg showed 
waves of constriction before the protoplasm and yolk have separated. Nussbattm 
describes two nuclei found in the ovum as the separation of the protoplasm and 
yolk progressed, and observing these, in some instances, to be in contact and in others 
remote from one another, regards them as the male and female pronuclei before and 
during union. The nuclei were at first not visible even on pressure ; in other cases 
HussBAtM apparently only observed one nucleus, for he says “ Einen Kern kann man 
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nicht leicht ubersehen ; eine kleine Spindel entzieht sich fast immer an frischen, darcli 
Einlagerungen complicirten Eiinhalt der Beobachtung ” It is evident then, that 
the facts are capable of another interpretation, namely, that the small segmentation- 
nucleus gradually enlarges and divides in two in a longitudinal direction as described 
above in Lepas anatifera , and I would apply the remarks made on page 137 also to 
the case of Pollicipes. 

As in the species examined by myself, the basal plane may be transverse or oblique, 
and Nussbaum’s theory that rotation of the plane takes place, has been already 
discussed on page 135. I. may arise by a longitudinal septum. The emergence of 
the second merocyte has evidently been seen by Ntjssbaum, but regarded, apparently, 
simply as indicating the nucleus of the large cell. f 

Chthamalus siellatus. 

In this species the egg is ovate, the colouring matter orange, the yolk granules 
small (0‘0025 millim.), and the oil globules about as large as in Lepas anatifera. It 
seems probable that light and gravitation have nothing to do with the orientation of 
the poles of the Cirripede ovum, since the ova in an ovigerous lamella are orientated 
in all directions, as may he seen in the case of Chthamalus by examining the edge of 
a thin lamella. The wave-like contractions accompanying separation of the proto¬ 
plasm and yolk are readily observed, and the protoplasm finally collects at one end 
(fig. 84), the nucleus appearing as a single clear spot (fig. 84). The basal plane may 
be transverse (fig. 84) or oblique (fig. 85). The polar body is terminal in ova with 
transverse basal planes (fig. 84), (see Pollicipes). I. divides transversely, its plane of 
division making any angle with the axial plane passing through II. (fig 88). generally 
a right angle. III. may appear to the right or to the left of II. (fig. 89), or may 
arise beneath II. which has divided before I. by a longitudinal constriction into two 
cells placed at the same level (fig.’ 90). 

On one occasion a newly-formed blastomere (still, however, in connection with the 
yolk) was seen giving off a nucleus into the yolk. Fig. 93 represents this case. The 
nucleus in the yolk was in this specimen connected with that of the nearest blasto- 
r mere, or rather with that of the protoplasmic mass which will become cut off in the 
next blastomere, by a spindle, seen by focussing below the surface. In the vast- 
majority of cases, however, the division of the nucleus takes place before the merocyte 
forms any considerable prominence upon the surface of the egg. 

Fig. 94 shows the blastopore becoming closed by the emergence of a blastomere 
from the yolk at this point. 

Si 

Tetraclita porosa. 

In Tetraclita the basal plane is figured by F. Muller as transverse, and I. is 
divided into two daughter-cells placed side by side. 
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Balanus perforatus. 

The ovum in this species is ovate * the colouring matter is greenish-brown, the oil 
globules small and numerous, and the yolk granules (relatively to Lepas and Chtha- 
malus) large (0-0075 millim.); their outlines form a polygonal network over the surface 
of the yolk. The first directive spindle was observed in Balanus by Weismann and 
Ts tttr-aw a (43), though the polar body itself was not seen. The protoplasm collects 
at one end (fig. 49), and is well contrasted in colour with the yolk. The basal plane, 
generally transverse (fig. 49), may be oblique. I. may divide by a longitudinal con¬ 
striction, and III. may appear to the right or left of II. (figs. 53, 54). II. may divide 
in. the same plane as I. (fig. 54), or into an anterior and posterior cell. In other cases 
II. may first divide into two daughter-cells placed side by side (figs. 55, 56, 57), 
while III. appears immediately beneath these, or close to the posterior pole of the 
embryo (figs. 55, 56); IV, then emerges beneath L or elsewhere, I. having in the 
meantime divided into a more anterior and a more posterior cell (fig. 58), 

Sometimes the two daughter-cells of II. divide by a longitudinal constriction each 
into two cells placed side by side (fig. 57). In many cases a merooyte may be seen 
to divide before emerging from the yolk (figs. 53, 57, 63). Stages in the origin of the 
second blastomere from the yolk have evidently been observed by Lang, who regarded, 
however, the emerging merocyte as indicating the point of completion of the blasto¬ 
derm ; that this is not so is evident from the fact that it does not coinoide in position 
with the point of completion of the blastoderm in this form or any other examined. 

Fig. 69 shows the blastopore which becomes, later, closed by an emerging merocyte 
(figs. 68, 71). Fig. 127 is a section passing through the blastopore at this stage, 

Balanus balanoides. 

The process of formation of the blastoderm in this species (see Hoek (30)) are 
probably quite similar to that described in Lepas anatifera, Chthamalus stellatus , 
Balanm perforatus , &c. The second polar body was seen by Hoek, but supposed by 
Weismann and Ishikawa to be the first. The basal plane is described and figured 
as transverse. 

Balanus improvisus. 

In this species (41, 49) the first directive spindle is formed while the ovum is still 
within the ovary. The first polar body is formed outside, the second inside the 
vitelline membrane. The basal plane here may he transverse or oblique, and II* may 
apparently divide by a longitudinal plane into two daughter-cells placed side by side. 

the ovate shape is apparently an adaptation to that of the Nauplius shortly 
before being an advantage that the Vitelline membrane should offer no serious hindrance to 

growth. 
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Dichelaspis Darwinii. 

In Dichelaspis the colouring matter, according to Filippi (17), is vermilion. The 
basal plane is figured as transverse, and the first blastomere is divided into two cells 
placed side by side. 

Filippi pointed out that no nucleus was visible in the yolk (his “nutritive sphere ”). 
Scalpellum obliquum. 

The colouring matter in this form is apparently yellow (12). The basal plane is 
figured as oblique, and I. divides in a longitudinal plane. 

Lepas , Cfhthamalus, Balanus . 

A study of the eggs of Lepas anatifera , Balanus perforatus , and Chthamialus 
stellatus, by sections, confirms that of the living ova, and furnishes evidence as to the 
part played by the nuclei. 

Sections of Lepas , taken at the stage in fig. 8, and slightly later, show two nuclei 
in the newly-formed blastoderm ; Nussbaum figures a similar stage in Pollicipes , but 
regards the two nuclei as the male and female pronuclei about to fuse. I have 
already stated my belief that these are merely the daughter-nuclei of the segmen¬ 
tation nucleus; one remains as the nucleus of the first blastomere, the other passes 
into the yolk hemisphere (figs. 102, 103, 104), where it transforms yolk material 
into protoplasm; the second merocyte formed partly in this way and partly from 
previously existing protoplasm, issues as the second blastomere, while the first 
becomes simultaneously cut off from the yolk (figs. 105 and 123). 

Sections of eggs of Balanus perforatus show that the nucleus of the third 
merocyte is derived from that of the second (figs. 124a and 124b); the latter becomes 
spindle-shaped, and gives off a nucleus, which, accompanied by little or by no 
appreciable quantity of protoplasm, passes into the yolk, here it surrounds itself with 
protoplasm at the expense of the latter, and emerges generally close to the second 
blastomere; after division of the nucleus (fig. 106) the latter becomes separated from 
the yolk by a well-defined wall (fig. 125). 

The third merocyte, in similar manner, while emerging as a blastomere, divides 
and gives off a nucleus to the yolk, which in a similar manner gives rise to new 
merocytes and blastomeres. 

In the later phases of segmentating eggs of Balanus , stages are found in which no 
nuclei can be detected among the yolk granules, even upon the most rigid search, 
but in which, as in figs. 123, 124, and 125, the newly-forming blastomere is still in 
communication with the yolk (fig. 126); in others a nucleus with a large'or small 
quantity of protoplasm (merocyte) is found in the yolk near the edge of the blastoderm. 

Such nuclei are never found beneath the cells at the anterior pole of the embryo, 
which are already cut off from the yolk. 

MDCCCXCIV.—B. 


u 
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These facts, together with those relating to the division of emerging merocytes, 
given on pages 139 and 143, indicate that as the blastoderm grows over the un- 
nucleated yolk, the merocytes, before or during emergence, at its edge give off in 
turn nuclei into, and become successively cut off from, the yolk. Once «cut off they 
have no further connection with the yolk, which simply acts as an appendage and 
reservoir to the newly forming and growing cell or cells. The nucleus, at first 
usually s ma ll, is generally in connection with little protoplasm, but soon transforms 
the surrounding yolk granules and oil globules into granular protoplasm with which 
it clothes itself, and in .this way forms a merocyte ; this, at first in close proximity to 
the blastomere from which it has been formed, often becomes isolated in the yolk 
and forms a rounded protoplasmic nucleated body, with rays extending into the yolk 
in which it moves, and the yolk granules of which it probably devours, more or less 
after the manner of a phagocyte; the emergence of such merocytes gives rise to 
blastomeres, which in their turn give off nuclei into the yolk before becoming cut off. 
In fig. 125 a merocyte is seen close to one of the blastomeres, and the complete series 
of sections shows that the nucleus is very small and the merocyte nowhere at the 
surface. In figs. 126 and 127 a merocyte has come to the surface, but the cell 
formed has not yet been cut off from the yolk. 

It is to he noted that the yolk is at no period cut off from communication with 
nucleated protoplasmic material in the way sometimes supposed in ova with much 
yolk material. 

The division of the blastomeres and of the merocytes in the yolk is always 
accompanied by characteristic karyokinetic figures, which are often readily seen in 
surface views or in sections; the radial arrangement of the protoplasm is often visible 
long after the spindle has disappeared.* 


Stage C.' 


(A.) Formation and Division of the Meso-hypoblast, and Origin from it of the 
Mesoblast and Hypoblast of the Nauplius. 

The further stages of development are so uniform that, with the exception of the 
unimportant difference mentioned on p. 149, the following account of the later stages 
of embryonic development, though referring chiefly to Lepas anatifera and Balanus 
perjbratus (of which alone sections were made), will, as far as known, apply to any 
one of the species. 

The closure of the blastopore is almost immediately followed by the division of the 
ye|k info two pyramids or segments; the formation of the mesoblast immediately 


^ Tecen±ly (51*) a details as to the development of Laura; he regards the 

segmen$$Q|fc£|ai8 superficial, hot it may in all probability he reduced to the type described in the present 
paperH^S&q 
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commences by the successive cutting off and sub-division of nucleated segments from 
the two yolk segments. 

It is very rare to find stages in which the blastopore is closed and these processes 
have not commenced; but by prolonged search cases may be found in which the yolk 
is still undivided (figs. 23, 70). 

In these the blastoderm consists of a single layer of cells throughout its extent, one 
or possibly occasionally more cells, including that filling up the blastopore, being at 
first still in communication with the yolk, which, as shown by sections, as yet 
contains no nucleus apart from that of the protoplasmic mass with which it is in 
communication. 

In other cases the blastoderm is completely cut off from the yolk, while a single 
large nucleus is found in the yolk at the posterior end surrounded by a protoplasmic 
body sending rays between the yolk granules (figs. 70, 128). 

The yolk is now in the condition of a single cell; this will give rise to the hypoblast 
and mesoblast; in the vast majority of cases, however, the nucleus has divided into 
two, and with it the whole of the yolk (figs. 24, 72, 95, 96). 

It seems & pmoi'i extremely probable that the nucleus is derived from that of the 
merocyte which filled up the blastopore; in rare cases, however, as Ntjssbaum has 
already observed in Pollidpes, the yolk apparently divides before closure of the 
blastopore; it is, however, difficult to make certain of this, as the last formed cells 
covering the blastopore and its neighbourhood are often very low and inconspicuous, 
and may be readily overlooked; but if, as I think, the blastopore is really open at 
this stage, the single nucleus in this case must be derived from another of the cells at 
.the posterior end of the embryo. It is not perfectly clear, therefore, whether the last 
point left uncovered by the blastoderm coincides in all cases with the point of origin 
of the endoderm and mesoderm. 

Immediately after the division of the yolk the posterior ends of the two cells now 
composing it become more opaque, owing to the replacement of the yolk granules by 
polyhedral cells about the same size as those of the epiblast (fig. 97). This process 
may go on till quite a considerable portion of each yolk-cell is transformed into 
cellular material. When it is complete the anterior uninvaded portion of the yolk, 
still consisting of two yolk-cells, will give rise to the hypoblast, while the cells formed 
at the posterior end constitute the mesoblast. 

Sections of Lepas anatifera and Balanus perforatus (figs. 107 to 111, 129, 130), 
at the stages just considered, show clearly the manner in which this is brought about. 
The complete external layer of cells, which may now be termed epiblast, will give rise 
to the ectoderm of the adult. It consists of a single layer of rounded or flattened 
epithelial cells, often higher anteriorly and posteriorly, the nuclei of which usually 
occupy about the centre of the cells; over the whole of the embryo these cells 
are commonly elongated and rapidly dividing by radial, but never by tangential 
walls. Occasionally (figs. 107, 108) cases may be seen in which the nuclei might be 

u 2 
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supposed to be dividing along a radial plane, but careful comparison of adjacent 
sections shows that in this case the cells are cut more or less tangentially, and no 
proliferation of epiblast can be detected even upon the most rigid search. 

I did not succeed in obtaining sections of embryos of Lepas in which no meso- 
blastic cells were formed, but in Balanus, figs. 129 and 130 represent such stages. 
The next stage seen is represented in figs. 107 and 108, where immediately below the 
epiblast are two elongated cells lying next to the two nucleated protoplasmic masses, 
which are continuous with the yolk. The two protoplasmic bodies are the essential 
parts of the two yolk-cells, and the two cells beneath are the first mesoblastic cells 
which have been cut off from them. This is seen from the facts that their outer 
boundaries are continuous with the contour of the yolk : the two cells are not 
coextensive with cells of the epiblast, at their junction with the latter, but are, on 
the contrary, coextensive with the yolk-cells, the nuclei* of which may sometimes be 
seen dividing: they are also of a different character to the epiblast cells, inasmuch 
as they often contain yolk granules and oil drops, undigested remnants inherited from 
the yolk, and consequently the staining is less deep. 

The growth of the protoplasm of the yolk-cells at the expense of the yolk con¬ 
tinues, and the two nuclei with their surrounding protoplasm pass forwards ; new 
mesoblast cells are cut off from the two yolk-cells, while the earlier ones divide longi¬ 
tudinally and transversely (figs. 109 to 111), The origin of the mesoblast of the 
yolk-cells is frequently evident even when the cells are quite numerous, owing to the 
original contour of the yolk being .often preserved ; to the delicacy of the last formed 
septa, which are found next to the dividing yolk-cells; to the proximity of the nuclei 
of the last formed cells to those of the yolk-cells; and to the difference in the depth of 
staining of mesoblast and epiblast. Gradually, however, the contents of the whole 
mesoblast cell becomes transformed into protoplasm, and the cells become indistin¬ 
guishable except in position from those of the epiblast (fig. 111). 

' It may be noted that the mesoblast cells at first often seem to correspond in 
position on opposite sides of the septum between the two yolk-cells (fig, 110), but 
this correspondence soon becomes lost. 

It is evident from this description that, upon closure of the blastopore, the whole 
yolk forms a simple cell, which will give rise to the mesoblast and hypoblast. This 
immediately divides into two yolk-cells, the protoplasmic portions of which are 
situated behind. From these two cells mesoblastic cells are successively cut off, 
which, like the epiblast, rapidly divide up (in a karyokinetic manner) and form a plug 
of mesoblast. 

The mesoblast has been observed by Nasqnov and by Nussbaum. The latter 
that it is formed by tKe active division of superficial blastoderm cells round the 
blastopore before this has closed ; but. no such pit as that described 
by &jS ;^s^ver in PoUioipes as existing at a time when the yolk-endoderm cells 
(see tolerably numerous, occurs in any of the species investigated by 
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myself, and in none of these species did the formation of the mesoblast commence 
till the blastopore was closed. 

My own results are more in accordance with those of Nasonov, who describes 
the mesoblast as originating from two symmetrically placed cells of the endoderm; 
the endoderm (so-called) at this stage, however, consists of only two cells (yolk-cells), 
and these, as will be seen immediately, are not placed symmetrically. 

The yolk, as just mentioned, is divided into two segments at this period; the 
cleavage plane, in most cases where I could make certain, traverses the blastopore, or 
passes from a point in front of it downwards and forwards to the ventral side. It is 
by means of the direction of this plane that the orientation of the embryo can be 
first determined, and the relation of the anus to the blastopore rendered probable. 
It is very difficult to identify the former position of the blastopore after it has closed, 
but in certain cases the last-formed blastoderm cell can be recognized, either by the 
similarity of colour (blue in Lejpas and Conchoderma) to the yolk, or by the contours 
of the yolk and last blastoderm cell being continuous. In rare cases division of the 
yolk occurs before closure of the blastopore ; in most of these cases the first cleavage 
plane passes through or close to the blastopore. This plane can he recognized in later 
stages of the embryo, and is always seen to cut the plane of bilateral symmetry at 
right angles. Nasonov states that it is longitudinal; it is, I believe, never so in the 
species I investigated, but always inclined forwards and downwards. The inclination 
varies somewhat, and the plane may even appear to be nearly transverse. The yolk 
is thus divided into an antero-dorsal and a postero-ventral segment: each is com¬ 
pletely cut off from the other and consists anteriorly of the usual elements of the 
yolk, while posteriorly is a nucleated protoplasmic section sending rays into the yolk ; 
there is a single large nucleus in each, close to the plane of separation, and which has 
evidently arisen from the single nucleus present in the preceding stage. 

The yolk segments, after the separation of the mesoblast, may be termed either 
yolk-pyramids or yolk-endoderm cells, and will divide into a number of cells similar 
in character, each of which will later give rise to an endoderm cell. The two may 
be regarded ,as endoderm, but their yolk portions probably furnish nutritive material 
for the later growth of the mesoblast cells round the endoderm, and for the elonga¬ 
tion of the proctodseum and stomodseum. 

The two yolk-pyramids remain for a time quiescent, and do not take part in the 
development. The epiblast and mesoblast cells divide rapidly, the epiblast, more 
especially towards the poles, become more columnar, and the mesoblast forms a con¬ 
siderable mass at the posterior end, truncating both of the yolk pyramids (fig. 25). 

The epiblast cells at the posterior end in Lejpas anatifem (but not in any of the 
ether species) at this and rather later stages are often rounded, while those at the 
anterior end have flattened tops; the posterior area thus limited, is often strongly 
intersected by certain lines (figs. 25-27) ,* these, however, as far as I could make out, 
showed no constancy; though they sometimes doubtfully corresponded with the 
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Nauplius segments seen at a later stage, at other times (figs. 25-27) they were 
more irregular. 

The further development before the appearance of any definite organs consists in a 
multiplication of the epiblast cells, and a growth of the mesoblast in an anterior 
direction on the dorsal side. 

(B.) Extension of the Mesoblast. 

The mesoblast, at first concentrated chiefly at the posterior end of the embryo 
(fig. 112), grows forward at the expense of the yolk, and forms a thiekish plate on 
the dorsal side obliquely inclined from the dorsal side in front to below the terminal 
point behind (figs. 131, 132). It gradually extends over the embryo; on the dorsal 
side it is thick, but attenuates on the sides and is scarcely represented on the ventral 
side and in front. The peculiar position of the mesoblast is readily brought into 
relation with the development of other forms when it is understood that a consider¬ 
able part of it will form the muscles of the appendages of the Nauplius, the latter 
arising first on the dorsal side * 

By this extension of the mesoblast along the dorsal side, the yolk comes to appear 
nearer to the ventral than to the dorsal side, and this has given rise, I believe, to 
the statement that the ectoderm becomes thickened on this side. 

The yolk-pyramids, which at first were quiescent, meanwhile divide generally by 
planes equally inclined to both sides of the plane of symmetry; the division takes 
place in each of the two pyramids ; the nucleus and daughter-nucleit divide tangen 
tially in the plane of symmetry repeatedly into two: the division is never radial. 
We thus generally get two rows of yolk-pyramids, one dorsal, the other ventral, the 
nuclei of which seen from above or below lie in a single line (figs. 26-28, 71-75); 
in many cases, however, the division of the cells, though anticlinal, shows no relation 
to the plane of symmetry, and the resulting disposition of the pyramids is irregular, 
as Hoek has also observed in Bcdan'us balanoides. 
m Tlie number of yolk-endoderm cells present at this stage, varied from about two to 
eight in a large number of embryos of Balanus perforatus and Lepas pectinata ; 
sometimes the endoderm remained divided only into two during the whole phase. 

The yolk-endoderm pyramids still form a solid mass, no archenteron being yet 
present. 


W (»«, T. 111,% 27), teowH, described by Ehmiou, appeieatly 
a dorsal mesoblastio plate. —[18/7/98]. ' 

Vei7 °tser*re without the aid of sections in other species than 
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Stage D. 

Formation of the Nauplius Segments. 

This and the immediately following stages of the development, have been studied 
in more or less detail by Filippi, Claparede, Buchholz, Wellemoes-Suhm, Hoek, 
Lang, Nasonov, and Nussbaum. 

Of these the observations of Filippi, Claparede, Willemoes-Suhm, and 
Nussbaum are very brief. 

Filippi (17) simply says that in Diehelaspis development begins on the ventral 
side. 

Claparede (14) confines himself to the statement that the segmentation of the 
embryo in Lepas is indicated by furro ws. 

Willemoes-Suhm (28) states that a groove appears, on each side of which the 
appendages arise. His figs. 5 and 6 do not, I am convinced, represent, as he 
supposes, an early stage in the segmentation of the ovum, but the division of the 
body, the blastoderm of which is already complete, and the endoderm well advanced 
in division, into the three segments of the embryo Nauplius. His fig. 7 similarly, I 
believe, indicates an embryo of a still earlier period, when the segmentation of the 
embryo had not yet commenced; the internal cells he describes are evidently the 
yolk pyramids, and do not, as he supposes, represent cells which ever come to the 
surface to form the blastoderm. 

Nussbaum (51) states that in Pollicipes the anterior part of the embryo is 
separated by a first furrow, followed later by a second posterior to it. The appendages 
he describes as arising on the three segments thus formed as simple protuberances 
which grow towards one another on the ventral side. 

More details are given by Hoek, Buchholz, Lang, and Nasonov. 

Buchholz (22) gives the most detailed description, but he failed to understand the 
development of the first pair of antennae. 

Hoek (30) observed the division of the body into three segments, on each of which 
arise a pair of protuberances which grow out and form the appendages. 

Nasonov (40) describes a similar stage in which he, like Bdchholz, observed a 
median longitudinal furrow. 

All the above authors have regarded the surface on which the appendages appear 
first as ventral. 

Lan g, also, though he gives few details, took the ventral surface (see his fig. 20), 
with the labrum and tail for the originally-thickened side of the embryo, evidently 
regarding the side on which the appendages appeared as ventral. 

In consequence of the unusual but simple mode of origin of the appendages, much 
confusion has arisen as to which is ventral and which the dorsal surface, and I shall 
give reasons for believing that, though certain stages 'have been correctly described 
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and figured, these authors have transposed these two surfaces. The whole course 
of embryonic development has been thus thrown into great confusion, and it. will, I 
think, be simplest if I describe my own observations, pointing out at the same time 
where I am in accordance with previous observers. 

The first indication of the external organs consists in the appearance of two per¬ 
fectly straight transverse furrows on the dorsal side of the embryo (figs. 29-31). 
These divide the body into three divisions, the relative size of which varies somewhat; 
generally the anterior one, which corresponds to the head and first segment, is 
largest. The most posterior division is generally a little smaller, but may be of a 
size equal to, or even larger than the anterior one; it corresponds to the third 
segment, and to the tail of the Nauplius together with the caudal spine. The middle 
division is always smallest, and corresponds to the second Nauplius segment. 

The anterior and posterior divisions are simple, and show no indication of their 
composition, and there is no sign of a division of any of the segments into two halves. 

The furrows are complete across the dorsal surface, and pass vertically downwards 
on to the sides where they die out, not extending to the ventral surface. 

In sections (figs. 113 and 114) the yolk-endoderm nuclei are a little larger than 
those of the epiblast and mesoblast, and appear scattered about in the yolk, some 
being near the centre, others the periphery. The mesoblast and epiblast cells are 
closely associated, but the nuclei of the latter are generally elongated tangentially, 
rarely more or less radially. The mesoblast nuclei are a little larger than those of 
the ectoderm, and are generally elongated tangentially. 

Sections at the posterior end show a solid mass of epiblast and mesoblast cells; a 
short distance in front there is a ring of these elements, the mesoblast being thickest 
dorsally, and enclosing an almost circular portion of yolk-endoderm. In the middle 
of the body the mesoderm is thickest dorsally, and, extending round tho sides, dies 
cut before reaching the middle line, being represented on the ventral side only by 
scattered cells (fig. 114). 

The mesoblast in this stage is thus shaped rather like an inverted coal-shovel, being 
closed on all sides except in front and ventrally, where the cells are scattered or 
absent. 

This phase must be of short duration, as it is not often met with. 


SlTAGl E. 


Marhw$ &ut of the Nauplius Appendages, (Eigs. 32-34.) 

The next change consists in the appearance of a median dorsal longitudinal furrow 
* * n ^ erSec ^ s *dl three divisions, terminating, however, before reaching 

^ /^^^taneously with this furrow "two new transverse fiirrows appear, 

ividing and posterior Nauplius segments into two divisions. 
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The embryo is thus divided into an anterior median unpaired portion, three 
segments each defined by two transverse furrows, and divided into two symmetrical 
halves by the longitudinal furrow, and a posterior lobe. 

The longitudinal furrow thus bounds internally what may be distinguished as the 
free ends of the appendages ( ant. 1 , ant}, mnd.) of the three segments. 

The posterior unpaired division (fa.) represents the tail (thorax-abdomen) and 
caudal spine, the slight posterior division sometimes observed being the rudiments of 
the caudal forks. 

Sections at this stage practically only differ from those of the preceding stage in 
showing the epiblast and mesoblast traversed by the dorsal longitudinal groove. 


Stage F. 

Bifurcation of Second and Third Pairs of Appendages. Origin of Labrum, 

CEsophagus , and Intestine . 

The furrows on the dorsal side of the embryo soon become more marked, and form 
considerable depressions (figs, 35, 36, 76). 

This phase has been accurately described by Hunter and Buchholz (22). 

Nasonov (40) also describes the longitudinal furrow and three of the transverse 
ones. 

Nussbaum (51) states that the anterior division of the body is separated off by a 
first furrow, a second transverse one appearing only later; but this was not so in any 
of the forms studied by myself. 

Hoek (30) speaks of two slight constrictions on the sides of the embryo as defining 
the appendages, but did not apparently trace them across the embryo. 

Lan g (32) describes two oblique furrows as indicating the division of the embryo 
into three segments; he has, however, I believe, confused the stage under considera¬ 
tion with a later one, and his figures, 17 to 20, refer only to the later stages, the 
constrictions seen in which separate the labrum and tail from an intermediate 
region. 

In all cases the side on which the furrows appear, or towards which the free ends 
of the appendages are directed, and on which the mesoblastic plate lies, has been not 
unnaturally described as ventral, I have convinced myself, however, that this side 
is really dorsal; firstly, from the impossibility of reconciling the appearances presented 
by the various stages on the former hypothesis; secondly, because the free ends of the 
appendages are, in all cases I have observed, or which are figured by other observers, 
directed towards the dorsal side till a late date; and, thirdly, because it is on the 
opposite side that the labrum, mouth, and nervous system arise. 

I found it difficult to believe that such views as those shown in figs. 77 and 98 were 

MDCCCXCIV.—B. X 
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dorsal ones, bat have placed it beyond all doubt by tracing the two surfaces in all 
the species. 

The error is one easy to make, and one I did not detect until I had followed the 
development in detail step by step. 

Since the free ends of the appendages are closely applied in the middle line, if 
growth in length is to take place, they must move in a longitudinal direction. They 
begiu, therefore, to take a more oblique direction, their axes being directed not merely 
dorsally, but also posteriorly (figs. 35, 36, 77 to 79, 98). The first pair remain simple 
throughout development, while the second and third begin to bifurcate (figs. 77, 98); 
the free ends are divided into two before the bifurcation can be seen m surface views, 
dissection often being necessary to show this. 

Sections of Lepas anatifera and Balanus perforatus, taken when the appendages 
are still quite short, show no great difference from those of the preceding stage ; the 
mesoblast, however, on the sides and ventral parts of the embryo is thicker (figs. 115, 
133), apparently in places where the ventral muscles of the appendages will later 
form; dorsally, the free ends of the appendages may be seen, together with the 
portion of the now free dorsal surface, with its slight mesoblastic element between 
them (fig. 116).* 

It is hardly correct to say with Nasonov (40) that most of the mesoblast goes to 
form the appendages ; a not inconsiderable portion will form the muscles which, within 
the body, run to these appendages. 

The boundaries of the mesoblastic cells are often hard to make out; their increase 
apparently continues to take place at the expense of the yolk, which they more or less 
replace, but from which they are always sharply marked off’. 

Sections of Balanus perforatus (the embryos of the same phase in Lepas anati¬ 
fera were unfortunately lost) show essentially the same relations, but the oesophagus 
is now seen arising apparently in connection with an epiblastic thickening not far 
from the anterior end and on the ventral side. It appears as a solid ingrowth pro¬ 
jecting upwards and backwards into the yolk ( cf fig. 118). 

No trace of the proctodseum is as yet visible. * 

These observations are in harmony with Nasonov’s statement that in Balanus the 
stomodseum arises before the proctodseuin. I could not, however, confirm his view 
that the oesophagus arises as a definite epiblastic invagination like that shown in his 
figs. 22 and 23 (No, 41). The condition figured appears to be a later one. 

When the appendages have attained a certain length and degree of obliquity, and 
very short setae have become visible at their tips, the ventral surface shows in side 
views two slight notches (fig. 37), often scarcely discernible in ventral views as narrow 

fnW . 

* (Sli.), also, a similar ventral thickening takes place; sections are stated to show a complete 

investi^^llayer cells (mesoblast).—[13/7/93.] 
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The anterior of these is situated below the base of the second pair of antennae, and 
marks off a slightly convex area in front, which will form the labrum (lb\). 

The second notch is short, and marks off posteriorly a triangular area which 
represents the tail ( thorax-abdomen), 

These become prominent in the latest phases of this stage (figs. 38-40, 80), the 
labrum becoming marked out by a parabolic furrow with two slight notches, and the 
triangular tail by a distinct transverse furrow; the appendages at the same time 
completely cover the dorsal surface of the tail. 

Sections of embryos of Lepas anatifera and Balanus perforatus at this stage 
(figs. 117-120, 134, 135) show a further increase of the mesodermal tissue of the 
appendages and the muscles supplying them. At the anterior end, in front of. 
the oesophagus, is a flat bilobed plate of cells which gives rise to the brain of the 
Nauplius. It is probably of epiblastic origin, but the embryos are so small, and the 
mesoblastic cells so closely applied to the very similar epiblast, that it is often quite 
impossible to say whether a given cell belongs to one or the other layer. The bilobed 
supra-cesophageal ganglionic plate is apparently continuous behind with a mass of 
cells (figs. 119, 134), the front part of which is traversed by the oesophagus, and 
which lies dorsal to, and extends into and fills up the projection forming the labrum. 
It is exceedingly difficult to make out the structure of this mass, but it probably 
contains both epiblastic and mesoblastic elements, as it occupies the site of the future 
labrum, sub-oesophageal ganglion, circum-oesophageal connectives, and the space 
dorsal to the free part of the labrum (ef fig. 121); a horizontal line (fig. 119) appears 
to mark the future position of this space. At the sides the mass is continuous with 
the bases of the appendages. The oesophagus consists of a single layer of cells, 
arranged round an axis, and sometimes already enclosing a lumen. It has already, 
in some cases, the curve seen in the ripe Nauplius, sections sometimes traversing it 
twice. , It is difficult to trace as far as the ectoderm, as it plunges into a mass of cells 
very similar to, and in close contact with, the cells of the epiblast, but some of which 
are almost certainly of mesoblastic origin. The intestine is present as a tubular mass 
of cells, projecting from the posterior end of the embryo far into the ventral part 
of the yolk, or along its under surface (figs. 120, 134). It is generally one layer of 
cells thick. I failed to trace it very definitely to the ectoderm, as it comes into close 
connection with a mass of mesoblastic cells filling up the tail (fig. 117). The extension 
inwards takes place, I believe, by division of the cells at the anterior end of the 
intestine, and by continued growth at the expense of the yolk-endoderm, which, 
however, almost certainly supplies only the material for growth, the cells themselves 
arising by division of the intestinal cells behind. Surrounding the posterior end of 
the intestine may he seen an accumulation of mesoblastic cells, bounding the yolk 
behind. These may be often seen to accompany the intestine as a thin layer (fig. 
135). A similar layer surrounds the oesophagus (fig. 134). These layers, which have 

x 2 
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apparently accompanied tlie oesophagus and intestine in their growth inwards, 
evidently represent the future circular muscles of the gut. 

The yolk-endoderm cells, during stages E and F, are very inconstant in number, 
but usually vary between six and twelve; at the commencement of this period they 
are sometimes as few as two in number, and at the close are usually about twelve. 
The yolk-endoderm nuclei are larger and more irregular than the rounded ectoderm 
or mesoderm nuclei. 

The ectoderm of the hinder somewhat vertically compressed part of the body is 
thin dorsally, ventrally, and at the sides (figs. 120 and 135). It usually separates 
from the endoderm and intestine ventrally, so as to leave a small space beneath the 
latter, occupied by reticular tissue (fig, 120). 

Stage G-. 

Appendages Long , with Short Setts. Origin of Body Cavity. 

As the appendages lengthen (figs. 41 and 81) they become more and more parallel 
to the long axis of the body, the setae become more distinct, and a number of those 
characteristic of the Hauplius when first hatched can soon he counted. 

In the latter half of this period the embryos become more transparent, and 
the various internal organs can he distinguished, obscured only by trains of granular 
matter (gr.mat,) apparently associated with connective tissue cells. 

The labrum (Ibr,) becomes free behind and at the sides, and a considerable 
depression found immediately beneath it and behind its point of attachment leads 
into the mouth (fig. 121); this has apparently arisen by the excavation of, or 
splitting in, the solid mass of tissue found beneath the labrum during the last stage. 

The tail (ta.) becomes elongated and more definitely bifid behind, where it shows 
two sharp points. It is separated distinctly from the shorter caudal spine (ca.sp.)> 
the contour of which is continuous with that of the carapace. 

The glands of the fronto-laterai horns ( frl.gl. ), not distinguishable at the beginning 
ol the period, become defined later as two clear spaces situated in the antero-lateral 
angles. 

The brain (hr.) begins to be visible externally as a bilobed mass situated at the 
anterior end in the middle line. 

Sections of Lepcis anatifera taken at this phase (figs. 121*-122e) show the meso¬ 
derm cells of the appendages as elongated spindle-shaped cells, which will form the 
muscles, and which extend to the dorsal and ventral sides of the body. The meso¬ 
derm of the legs and body is continuous with a portion in the labrum. The layer of 
cells immediately surrounding the oesophagus and intestine respectively have given 
r * se \ layer of spindle-shaped cells representing the muscular coats of these 
structures.. 
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The nuclei of the ectoderm cells of the tail and caudal spine are now considerably 
enlarged, as are also the cells themselves, which are very numerous, and form a thick 
strand, filling up nearly the whole of the cavity of these organs. In accordance with 
the rapid growth of these parts the cells have become spindle-shaped. The spindle- 
shape is more marked in Lepas (fig. 121) than in Balanus. Over the front portion of 
the ventral surface of the tail, however, the cells are not elongated, but simply 
enlarged, and constitute, at any rate in Balanus, the rudiment of the ventral plate 
seen later in the free Nauplius. 

A cavity ( h.c .), a part of which beneath the intestine is generally visible at the last 
stage (F), begins to form by the separation of the ectoderm and endoderm, and by 
irregular cavities arising by separation from one another of the differentiating cells 
of the partial layer of mesoderm found between the body wall and gut, or in the 
appendages, labrum, &c, (figs. 121a, 121c, 122). 

On each side of the embryo near the anterior end are found two large comma-shaped 
cells closely applied to one another, and the tails of which point backwards (figs. 121e 
and 121/). The protoplasm is finely granular and stains rather deeply, and the nuclei 
are large and granular, and provided with a single large nucleolus. These are the 
glands of the frontodMeral horns in the earliest conditions in which I have been able 
to recognize them. They are closely applied to the cuticle of the fronto-lateral horns 
without the intervention of other cells, and are therefore in all probability greatly 
enlarged and specialized ectoderm cells. 

The yolk-endoderm is still devoid of a cavity ; the cells have increased in number, 
and the nuclei are now mostly more or less peripheral. 

The sub-oesophageal ganglion is now clearly visible as a bilobed mass of cells, con¬ 
tinuous behind with the single layer of ectoderm cells of the ventral surface. It lies 
above the newly-formed space, dorsal to the free part of the labrum (figs. 121 and 
121 d). In front it is continuous with two circum*oesophageal connectives (fig, 121c, 
c.o.c.), themselves in intimate connection with the ectoderm.* 

Owing to the increase in length of the appendages and general growth of the 
embryo the egg membrane at the end of this stage has increased much in length and 
often in breadth (fig. 41). 


Stage H. 

Appendages with Long Setce. Appearance of the Nauplius Eye. Excavation 
of the Mid-gut. 

Finally (figs. 42, 82, 99), as the appendages attain their full length, the seta become 
long and the body becomes more transparent than before; the brain, fronto-laterai 

* Supra- and sub-oesophageal ganglia and circum*oesophageal connectives havobeen recently described 
in the young Nauplius of Laura, —[13/7/93.] 
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glands, alimentary canal, with its muscles, become more clearly visible, the circulai 
muscles on the proctodseum axe specially conspicuous. 

The muscles of the limbs have now elongated, and form distinct muscle fibres, 
traversing the greatly enlarged body cavity, which now extends to all parts of the 
body. 

The fronto-lateral horns (frl.h.) are clear in specimens taken out of the egg 
membrane. They lie parallel to tbe body and legs, following pretty closely the lateral 
margins of the carapace, and terminate posteriorly in rounded extremities a little 
beneath it. I regret that in consequence of the minute size of the embryos I did not 
succeed in observing precisely how these horns arose. 

The fronto-lateral glands are now mainly filled with clear spherules of the nature 
of a secretion; these are closely appressed to one another, and assume thus a 
polyhedral shape. 

The labrum acquires a shape approaching that of the free Nauplius. 

The eye (Npl.eye) arises as two oblong yellowish-brown rectangular patches, 
united together in the middle line like the two halves of an open book, each half 
being closely applied to the lobe of the brain of the corresponding side. These 
gradually darken and become red; the red soon becomes, for the most part, obscured 
by the development of a black pigment, but a reddish tinge can often be perceived in 
dissected specimens at much later stages. 

The granular matter is now more definitely arranged in two symmetrical masses, 
the greater part of which (fig. 42) lies at the sides of the gut for its whole length. 
Anteriorly these give off a branch passing outside the glands of the fronto-lateral 
horns, and another passing inwards towards the brain; the bands are united pos¬ 
teriorly above the intestine, and in front above the anterior end of the stomach 
and in front of the brain. Their nature is difficult to make out, but they apparently 
represent connective tissue .cells, which will form bands of a peculiar tissue, which 
later occupy the same positions. 

In ventral and lateral views a few large flattened granular cells lie outside the 
muscular wall of the proctodseum and stomach on their lateral walls, and meet in the 
median ventral line (fig. ,82). These may perhaps give rise to the longitudinal 
muscles occupying this position later. 

The yolk-endoderm cells usually number about fifteen or sixteen (or less), the 
additional numbers being in this and the last stage given by transverse anticlinal 
divisions, this process sometimes taking place'tolerably symmetrically on each side of 
the sagittal plane. Tt is to he noted that tbe division of these cells is not accompanied 
by any-of the karyokinetic figures such as occur in the case of both ectoderm and 
pepderm cells, the process being apparently direct. 

commencement of this stage the yolk-endoderm still forms a solid mass, but, 
*? approaches for hatching, the yolk-pyramids, forming, as already stated, a 

single commence to separate from one another at .the centre (fig. 122a); a 
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cavity is thus formed, which is continuous with those formed at earlier pfrises in the 
oesophagus and intestine. The separation of the yolk-pyramids is mainly due to 
a diminution in size they undergo, owing, apparently, to the using up of their yolk- 
granules for growth of the other tissues. The successive stages in the formation of 
the-cavity of the mid-gut are seen in figs. 122a to e. In the final condition (figs. 
122a and 122e) a single layer of cubical or tabular yolk-endoderm cells surrounds a 
wide cavity. 

Though the cavities and walls of the oesophagus, mid-gut, and intestine are all 
now continuous, the three regions are still sharply marked off from one another, the 
yolk-endoderm cells having a large, more or less stellate, nucleus, surrounded by 
yolk-granules, which stain with difficulty, and the smaller cells of the fore- and hind- 
gut having small rounded nuclei surrounded by finely granular protoplasm, which 
stains readily. 

The proctodseum, at its junction with the mid-gut (fig. 12'2d), expands to form a 
shallow funnel, which completes the posterior wall of the stomach. The few cells of 
this funuel show vertical striations, and are evidently glandular. They are very 
possibly already functional, and may be emitting a secretion, which acts upon the 
yolk-granules of the mid-gut and assists in the formation of the cavity, as the latter 
is often filled by a brownish plasma, presumably derived by solution of the yolk- 
granules. The lumen of the intestine is nearly always much larger than that of 
the oesophagus at this stage, and it is possible that the cells are already busy in 
absorbing the nutriment extracted from the yolk-granules of the mid-gut. 

It may be noted that at no stage in the development of Cirripedes has an organ 
comparable to the “ dorsal organ ” of many other Crustacea been found. 

The Nauplii are now ready to hatch, and, when they get free from the loosened 
mesh-work of egg membranes, they emerge from the mantle opening in clouds with 
each rhythmical movement of the adult. 


PART III.—THE FREE NAUPLIUS: FIRST TWO LARVAL STAGES. 

(1.) Historical Sketch. 

Yarious stages of the Cirripede Nauplii have been seen and described by a number 
of observers, but the descriptions have been in many cases incomplete, or. even 
erroneous; I have found it necessary, therefore, in some cases to give fresh ones. 

In the following sketch I have endeavoured to trace the history of our knowledge 
of the earlier stages. 

The Nauplii of Cirripedes were first seen in 1778 by Martin Slabber (1), who' 
observed them issuing in clouds from the shell of Lepccs Jcisciculccris. He gives a 
quite recognizable figure of the Nauplii, but regarded them as distinct forms (Jfon- 
oculus marinus), serving as food for the Barnacle. * 
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After the discovery by Vaughan Thompson (2) in 1830 of the Cypris stage of 
Balanus, Gray (3) in 1833 observed the nearly ripe Nauplii of Balarms perforatus. 
He doubted Thompson’s discovery, because of the great difference between the two 
larval forms, and curiously professed to see the form of the adult in the Nauplius. 

Btjrmeister (4), in 1834, figured the Nauplius (and Cypris stage) of Lepras fasd- 
cularis ; but I believe, from his description, that the Nauplii were still unhatched, 
and apparently not quite ready to hatch, since he states that an eye was not visible. 

In 1835, Thompson (5) observed and figured the free Nauplii of Conchoderma 
virgata ; and Lepas anatifera. The general character of the appendages, the carapace, 
fronto-lateral horns, and caudal spine were described; and the peculiarities shown by 
the Nauplii before attaining the second stage seen, but referred to individual inability 
to pass on to the adult. 

Of Koren and Danielssen’s paper (6) on Cirripedian development I have only seen 
the statement (quoted by Gerstaecker, in Bronn’s ‘Klassen’), that the larva of 
Alepas hatches with six legs, though it was evidently a Nauplius. 

In 1843, Goodsir (7) figured and briefly described free Nauplii seen to issue from 
the shell of Balanus balanoides. The first two stages of Balanus balanoides and the 
first stage of Balanus tintinnabulum were also figured. Goodsir showed that Balanus 
must pass through two forms, viz., the Nauplius and Cypris stage. 

In 1851, Spenoe Bate (8) observed and figured the Nauplii of Balanus balanoides, 
B. porcatus , B. perforatus , Chthamalus stellaius , and Verr'uca Stromia. He criticized 
Goodsir’s statement that the body showed segmentation, and observed the frontal 
filaments,* the labrum, and the spines on the last two pairs of limbs, and the forked 
abdomen, and noted that the tail was used as a rudder. 

In the Monograph (1851) on the Lepadidse (9) Darwin gave a description of the 
Cirripede Nauplius, based chiefly upon the Nauplius of Scalpellum vulgare. 

In the volume on the Balanidse (10), which appeared in 1854, the same author gave 
further details based on the Nauplii of Byrgoma , Coronula, JPlatylepas , Aldppe, and 
the other genera mentioned above, and drew attention to the uniformity in the develop¬ 
ment of the Thoracica. He observed that the Nauplius eye was composed of two 
halves, and also fixed the position of the anus. 

Max Schultze (11), iu 1853, observed in the heliotropic Nauplii of Balanus and 
Chthamalus the Nauplius eye, consisting of two halves, and resting directly on the 
brain. 

Krohn (13), in. 1860, figured a Balanid ( Balanus f) and a Lepad ( Lepas P) 
Nauplius, and correctly but briefly described and figured the brain and sub- 
cesophageal ganglia connected together on each side of the oesophagus in Lepas 
matifera; he also recognized the alimentary canal, and drew attention to the fact 
anus was dorsal. . - 


^ These Were also seen and figured by Slabb^U, 



MR. T. T. GROOM OR THE EARLY DEVELOPMENT OF CIRRIPEDIA. 161 

In 1863, Claparede (14) described the Nauplius of Lepas anatifera , evidently 
immediately after the first moult, and gave details (though incorrect) as to the 
number of bristles on the appendages. 

In 1864, appeared Fritz Muller’s “ Fiir Darwin,” in.which the Nauplii of various 
groups of Entomostraca and of Prawns were compared and differences pointed out. 
A figure of the Nauplius of Tetraclita porosa is given, and the frontal filaments 
described as arising directly from the brain. 

Filippi (17), in 1865, figured Nauplii of Dichelaspis Darwinii before and after 
moulting once. The form of the Nauplius is described as characteristic of the genus. 

In 1866, Gerstaecker (19) summarized the previously existing accounts of 
Cirripedian development (1—17), criticizing Koren and Danielssen’s account for 
Alepas. 

In 1869, Hunter and Buchholz (22) gave the first detailed account of the 
structure of any Cirripede Nauplius (Balanus improvisus) we possess. The divisions 
of the alimentary canal including histological details (gut muscles and cells of 
stomach) were given; the flexor of the tail and dorsal system of muscles to the 
appendages noted, and attention drawn to the differences between the Nauplii of 
different species of Balanus. 

Yon "Willemoes-Suhm (28) gave in 1876 the only approximately complete 
account we possess of the history of any Cirripede (Lepas fasdculans) from the 
birth of the Nauplius to the fixed Barnacle. He showed the glandular function of 
the fronto-lateral horns. 

In 1877, Hoik (30) gave a good account of the development of Balanus balanoides> 
one of the forms investigated with considerably different results by Bovallius (26). 
Good figures of the Nauplius before and after moulting once were given. The mouth, 
placed by previous observers at the end of the labrum, was given its right position at 
the base. A lens described by a number of previous observers in connection with 
the Nauplius eye was shown not to exist in Balanus. 

In the same year Lang (33) described the external character of the first two 
Nauplius forms of Balanus perforatus, and one of Scalpellum apparently shortly 
after the first moult. The characters of the appendages were given in greater detail 
than in previous descriptions. 

Schmidtlbin (37) in the same year, and Lo Bianco (46) in 1888, gave details as 
to the time of appearance of the Nauplii of various Cirripedes. 

In 1890, Groom and Loeb (48) gave an account of the influence of light on the 
movements of th© Nauplii of certain Cirripedes. 

In the same year Nussbaum (49) figured Nauplii of PolUdpes polymems drawn 
apparently shortly after the first moult. 
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(2.) Methods of obtaining the NAUrLii. 

If the shells of the adult Cirripede are cut open, and the ovigerous lamellae of a 
large number extracted, the lamellae will be found to be at very different stages of 
development: some may be apparently fully developed. If these be placed in a 
watch glass the Nauplii, if quite ripe, will hatch out by thousands, and can generally 
be collected at the two points respectively nearest to and farthest from the light; if 
not far from this stage they will hatch out in limited numbers after a time. According 
to my experience it is only from such advanced stages, as a rule, that one can hope 
to get Nauplii, since once the lamellae are taken out of the shell they appear to make 
only a limited amount of progress, and .after a time development ceases and the eggs 
disintegrate, though a continuous circulation of water and air, or either alone, be kept 
up. The parent appears to have some peculiar beneficial influence on the eggs. 

' Where a thick shell like that of Balanus 'perforatum has to be cut through the 
process becomes very tedious, and if the Nauplii are not wanted in large numbers 
they may generally be obtained by placing a considerable number of the shells in a 
vessel, and taking after a time by means of a pipette probes of the water from the 
part nearest to or farthest from the light. The Nauplii latest hatched will generally 
be on the side to the light, and the earlier ones on the remote side. 

In such small forms as Chthamalus stdlatus large sheets of the cohering shells may 
be knocked off the rock by means of a chisel, and the lamellse collected in great 
numbers ; if tlie ripest (generally recognizable by their paler colour) be selected a 
large number of Napplii will be readily obtained. 

The Lepads are not always to be obtained in such numbers as Balanus and 
Chthamalus , and the Nauplii are best obtained by placing frill grown individuals in a 
large glass vessel, and noting and isolating the individuals which give off the clouds 
of Naupfii, These cap generally be readily recognized, as the Nauplii thus hatched 
out are more sluggish than those of the Balanids, and remain for a longer time in the 
vicinity of the parent. 

Fishing with the surface-net will furnish Nauplii of Balanus perforatum of the first 
moult, and often of other moults, probably the whole year round at Naples, and 
in late winter and in spring the sea of part of the S. W. coast of England (Plymouth), 
or that aroqnd Jersey, may swarm with Cirripede larvae ( Chthamalus , Balanus ). In 
order to obtain Nauplii pf Lepas fasdeularis it is, according to W ill emoes-Suhm 
(28), during the day time necessary to fish at some depth below the surface, as these. 
Nauplii perform the daily descent, to depths characteristic of the pelagic fauna as a 
whole, while at night they may be obtained in vast numbers at the surface itself. 

Tfe first moult is, as a rule, speedily accomplished, as Willemoes-S cthm found in 
Lepas fasmcularis, in fact so speedily that in this species, as well as in Balanus 
perforates, alter half an hour or so it is often difficult to find any individuals which 
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have not undergone it. It appears to take place more slowly in most Lepads, but 
the number of batches examined was too small for generalization. 

In consequence ot this circumstance it is only comparatively rarely that one meets in 
the Avftneb (result of surface-net fishing) with Nauplii which have not moulted once. 

On the other hand the Nauplii of all the species kept in confinement, with exceed¬ 
ingly few exceptions, did not moult more than once. I could get those of Balanus 
perforates alone, in some cases, to moult a second time. All my efforts to rear the 
Nauplii were futile. Though they readily fed on a variety of substances, they 
remained for days, or even for weeks, without undergoing any change other than an 
unfavourable one. I tried with large and with small quantities of water ; with water 
or air circulation, or both combined, or with still water; with covered or uncovered 
vessels ; with vessels with a glass or sandy bottom; in water free from or containing 
sea-weed; in every case, however, without success. The larvae performed their daily 
migrations in the vessels in continually diminishing numbers, and without perceptible 
growth. 

Most other observers have met with a similar experience ; thus Munter and 
Buchholz failed with Balanus improvises; Max Schultze with Balanus balanoides, 
and Willemoes-Suhm with Lepas fascicularis at precisely the same stage. Spence 
Bate makes similar statements with reference to the larvae of the genera he studied 
( Balanus , Chthamalus, and Verruca), This period may accordingly be termed a 
“ critical ” one in the life-history of Cirripedes. 

In consequence, probably, of this difficulty the majority of the researches on the 
embryology of Cirripedes only cover some part of the period between the early 
stages of segmentation of the ovum and the completion of the first moult, or 
commence with the free or fixed Cypris stage. 

I have found it convenient, therefore, to divide this subject into two sections, the 
first of which, forming the present paper, covers the former ground, a second will 
deal with the later stages, 

(3.) General Structure of the Cirripeue Nauplius of the First Two Stages. 

The Nauplii of Cirripedes show marked differences from those of other Crustacea, 
yet the different forms, so far as I have examined them, or been able to ascertain 
from previous accounts, present great uniformity in their characters, and it will 
render the following comparative accounts more intelligible if I give a brief sketch of 
the main features which characterize the Naupbus during the first part of their 
period of existence (woodcuts, figs. 1 and 2). 

The short and nearly colourless unsegmented body of the Nauplius is covered over 
a great part of’ the surface by a dorsal, more or less shield-shaped cbitinous carapace, 
produced at the antero-lateral angles into short or Ion gfronto-lateral horns ( frl;h .), 
each of which is pierced after the first moult by an opening at the distal end for the 
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passage of the secretion of the glands situated at their base. Two smaller glands 
also open at two other points on the margin of the carapace in some species. The 
anterior margin is nearly straight, or slightly convex, the lateral margins are more 
rounded. The main body of the carapace is indistinctly separated posteriorly by a 
faint transverse line of articulation from a long movable spine, covered with spinelets, 
and arising from a broader base, the sides of which are continuous with the lateral 
convex margins of the carapace. This is the cciudcil spiue, and may be legarded 
with Darwin as belonging to the carapace. 


Fig. 1. 



Diagram showing the characters common, to Cirripede Nauplii after moulting once. The tail is repre¬ 
sented as forked, though it is simple in some genera. The sub-oesophageal gangliou is hidden by 
the stomach, its posterior margin is indicated by a curved line, crossing the hinder part of the 
latter. The bristles and spines are omitted from the appendages in this figure. Dorsal view. 
(Lettering as in fig. 2.) ' 


On the ventral surface, at a comparatively short distance behind the anterior 


margin, the very large, labrum (Ibr.) (with a small opening at the distal end for the 
passage of a glandular secretion) arises and projects downwards and backwards, 
making a. considerable angle (fig. 15-1) with the body, and protecting the mouth, 
which lies immediately behind its base. 


, ^hoafc tworfifths of the distance from the base of the- labrum to the anterior 
si^^pting two delicate transparent filiform organs —the frontal filaments { fr.fil ,)— 
downwards and forwards beyond the- anterior margin of the 
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At the sides of the base of the labrum, and in front of the mouth, spring the first 
pair of appendages or antennules (ant. 1 ), composed of a single branch, and after the 
first moult very commonly directed forwards. 

Pig. 2. 



Ventral view of same, an., anus; mi. arc , anal arc; abd. reg., abdominal region; an. dil dilator of anus; 
ant. 1 , antennula; ant,*, antenna; app. d, muse., dorsal muscles to appendages; app. v. muse., ventral 
ditto; ax. gl., axial gland of labrum; c. sp., caudal spine; ect., ectoderm; ex. m. arc., extra-maxillary 
arc; fi. arc ., flexor aro; fl. ta. } flexor muscle of tail; fr.fil., frontal filament; fr.Jil. bs ., base of ditto 
in brain; frl.gl. n., nucleus of fronto-lateral gland; frl. gl. s. ( fil . gl. s, in one figure), secreted 
spherules of fronto-lateral gland; frl, Ji., fronto-lateral born; gn. m., muscle to gnatbobase of 
antenna; mb., intestine; Ibr. c., cells at sides of labrum; tbr. did., distal lobe of labrum; Ibr. prox., 
proximal ditto; mn., mandible; wo., mouth; npl. eye, Kauplius eye; oes. (ves. in figures), oesophagus; 
st,, stomach; mb-ces. g. (mb. ves. g. in figure), sub-oesophageal ganglion (seen through the labrum) ; 
ta., tail (thorax abdomen); ta . sp., tail spine; ta. th ., tail-thickening or rudiment of “ ventral 
plate.” 

Opposite the front corners of the mouth spring the second pair of appendages 
or antennee (ant. 2 ), the largest of the three pairs. 
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These are followed immediately by the third pair of appendages or mandibles ( mnd .), 
which, like the second, are biramous. 

The character of these appendages is remarkably uniform throughout the group, 
and will be given later on. 

Behind the mouth is found a median region, traversed or bounded by characteristic 
bands of hairs, generally directed forwards, and forming with those of the labrum a 
sieve, which apparently serves to retain particles of any size which have found their 
way beneath the labr um . This region may be termed the setose region ; it occupies 
the position of the future gnathites. 

Posterior again to this is the tail (ta>) of the Nauplius, consisting of two regions, 
an anterior of short, truncated conical shape, extending from the setose region to the 
level of the two strong spines (ta<sp<), and corresponding in position with the future 
thorax: this may be termed the thoracic region (th.regi); while the region marked 
anteriorly by the spines and forming a long spine covered with spinelets and generally 
bifurcated towards the end may be termed the abdominal region, , since it marks out 
the region of the future abdomen and caudal appendages of the Cypris-stage. 

Until after the completion of the first moult the tail and caudal spine are both 
telescoped. 

The month (mo<), situated behind and at the base of the labrum, leads into a short 
oesophagus (ces) i which passes at first slightly downwards and forwards, and then 
curving round, at first upwards and forwards, and then upwards Into the stomach. 
The stomach (st) is a large simple rounded sac occupying the centre of the body. The 
intestine (int.) is straight, and about as long as the stomach, from the posterior end of 
which it passes to the anus. Like the oesophagus, it undergoes incessant peristaltic 
contractions. The anus (an,) lies at the base of the tail and on its dorsal side, that 
is between the tail and caudal spine. 

The nervous system consists of, firstly, a lobed bilaterally symmetrical brain (br.), 
the halves of which are closely applied together in the middle line; secondly, two 
stout circum-cesopkageal connectives (c.o.c.); and thirdly, a sub-oesophageal ganglion 
(sub-ces*g,)> 

Ihe Nauplius eye (Npl.eye) is black, and consists of two halves, sometimes separated, 
but generally closely applied together in the middle line, each resting on one of the 
halves of the brain. 

On. each side of this the brain gives direct origin to a frontal filament. 

At the base of the fronto4ateral horns are two large spindle-shaped glandular 
organs—the fronto^lateroX glands ( frl.gl .)—each consisting, in all cases, of two 
closely applied unicellular glands attached on one hand to a point not far from the 
^ carapace above the sides of the stomach, and on the other opening into 
of the fronto-lateral horns. 

^w^^^glands—the lateral glands (lat.gl) —(probably also unicellular), usually 
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much smaller, occur in some genera in the posterior part of the body, where they open 
externally by minute pores on the sides of the carapace. 

The body cavity (using the term in the descriptive sense of a cavity included within 
the body-walls and surrounding the viscera) is spacious, and extends into every 
portion of the body. Its main section is bounded posteriorly by a delicate sheet of 
tissue ( an.dil .) which separates off the cavities in the caudal spine and tail, and 
probably- serves to dilate the anus. The body-cavity is transversed also by strands 
of branched and anastomosing connective tissue cells and contractile fibres, extending 
at fairly frequent intervals, between the alimentary canal and body wall. 

Distinctly striated muscles (app.d.musc. and app.v.musc.) also pass from the median 
dorsal and median ventral lines above and below the stomach to the appendages ; 
others are limited to portions of the appendages. 

With the exception of those of the walls of the alimentary canal the only other 
muscles to be found are the flexors of the tail (fl.ta.), a pair of muscles which pass 
from the carapace (close to the attachment of the fronto-dateral glands) downwards 
and backwards to the sides of the setose region. 

A special accumulation of mesoderm cells at the sides of the labriun will be 
referred to later. 

On part of the ventral surface of the setose region in most of the genera, and in 
Balanus also in the thoracic and abdominal region, a special accumulation and dis¬ 
position of the ectoderm cells (ta.th.) occurs on each side, the cells being at the same 
time peculiarly modified ; the fate of these cells will be followed hereafter. 


(4.) Detailed Structure of the Nauplii of Stages 1 and 2. 

Stage 1. Between the Periods of Hatching and of the First Moult. 

The newly hatched Nauplii are active little creatures (figs. 140, 153, 161, 164, and 
167), much smaller than after the completion of the first moult. 

The dimensions in the different species are as follows: Lepcts anatifera , 0*25 millim.: 
L. peoiinata , 0’26 millim.; L. fasciculans , 0*35 millim. (28); Conchoderma virgata , 
0*29 millim.; Dichelaspis Darwinii and Chthamalus stellatus, 0*22 millim.; Balanus 
perforatus, 0*28 millim.; B. improvisus, 0*18 millim. to 0*19 millim. (22); and 
B. balanoides, 0*36 millim. to 0*37 millim. (30). 

The young Nauplius is more or less pear-shaped, or sometimes conical; broadest in 
Balanus , and narrowest in Dichelaspis . 

The telescoping of the tail ( ta.) and the posterior spine (c.sp.), and the direction of 
the fronto-lateral horns, are the most striking features of the Nauplius at this stage. 
The dorsal views show the telescoping of the dorsal spine, which lies invaginated 
within the body and extends as far as a point abovo the centre of the stomach. The 
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point alone projects from the tube. The tail is similarly invaginated and projects as 
one or two points according as the abdomen is simple or forked. 

The long or short fronto- lateral horns are directed backwards, extending in Leyas 
and Conchoderma nearly'to the end of the body. Their ends are not open, as in all 
the later stages, but always closed and perfectly rounded. They are often seen to 
contain spherules of a glandular secretion. 

, The frontal filaments (frfl), present in all the later Nauplius stages as well as in 
the Cypris stage, are absent, as some earlier observers have pointed out. I failed to 
find the stump-like rudiments described by Lang as representing them in Balanus 
perforates, but could sometimes observe the filaments lying under the cuticle about 
to be cast off 

The appendages are only indistinctly articulated, and the hairs, spines, and teeth, 
which are present in considerable number, are all simple, i.e., not plumose or 
furnished with secondary spines. In consequence of the indistinct articulation of 
the joints, and of the fineness and shortness of the hairs, both the number of joints 
and hairs were exceedingly difficult to ascertain, but the disposition given in the 
table on p. 182 certainly holds good for Balanus perforatus and, probably (from the 
perfect similarity in the appendages of all the species after the first moult), for the 
rest of the species. The agreement of Stage 1 with Stage 2 is seen from the table 
to be veary dose, the former having rather fewer joints and hairs. 

The labrum has not yet acquired its definite shape, the distal lobe having rounded 
angles, and, the teeth and hairs characteristic of it at later stages are absent. 

The hairs on the setose region of later stages are also absent. 

The granular tissue is plentiful and still prevents the internal organs being seen 
perfectly. It runs in fairly defined trains at the sides of the alimentary canal, 
above the anterior part of the stomach and posterior part of the brain, and in front 
of and behind the fronto-lateral glands. 

In other respects than those just mentioned, the whole organization is essentially 
the same as after the first moult, when the structure can be made out more clearly. 

Figures and descriptions of Oirripede Nauplii at Stage 1 have been already given 
for Conchoderma vvrgctta, by Thompson (5); Balanus tintinndbulum , by Good&er (7); 
B. balamides, by Goonsm and Spence Bate (8); B. perforatus , by Bate and 
Lan« (83); B. porcatus , Verruca Stromia, and Chtkamalus stellatus, by Bate ; 
Bichelaspis Barwinii, by Tiltppi (17) ; Balanus improvisus, by MtTNTER and 
Buchholz (22) ; Leyas fascicular is, by Wiwmoes-Suhm (28)and Follicipes 
payments, by ISTussbaum. (51), 

Few of these, however, are sufficiently detailed to be of much value for comparative 
purposes; the best figures are those of Bahrm balamides, by Earn ; B, iniprowisus, 
and Buchholz ; and Lepas fasciwdmis>, by Willemqes-Suhm. 
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Stage 2. (.Between the Periods of the First and Second Moults.) Figs. 210, 211, 
220-222, 225-227, 232, 235, 238. 

(A.) The First Moult. 

Nauplii after the first moult have been figured for Lepas anatifera^ by Martin 
Slabber (1) and Clapar^de (14) ; for Lepas anatifera and Conchoderma virgata , 
by Yaughan Thompson (5); for Balanus balanoides , by Goodsir, Spence Bate, and 
Hoek (7, 8, 30) ; for Verruca Stromia and Chthamalus stellatus , by Spence Bate ; for 
Scalpellum vulgare, by Darwin and Lang (10, 32) ; for Tetraclita porosa , by Fritz 
Muller (16) ; for Balanus perforatus , by Munter and Buchholz (22) ; for Lepas 
fasciculans, by W illemoes-S cthm, (28) ; for Balanus perforatus , by Lang (32) ; and 
for Pollidpes polymerus , by Nussbaum (51), Of these the best figures are those 
of Buchholz, Willemoes-Suhm, and Hoek. ; those of Lang and Spence Bate are 
also valuable.* None of these authors, however, have given detailed aocounts of 
the structure, and the descriptions are not always oorreot; nor have any com¬ 
parative accounts been given of the Nauplii' of the different genera and speoias, I 
have in the following account attempted to partially fill up this gap in our know¬ 
ledge by means of a careful study of the Nauplii as seen whole, dissected, or in serial 
sections. 

The increased transparency of the larvae, due to the disappearance of the granular 
material, and to the expansion of parts crowded together beneath the cuticle of the 
Nauplius of the first stage, renders the Nauplius much more favourable for examina¬ 
tion than before, while the transparency of the tissues beneath the carapace renders 
them better for study than the later Nauplius stages. 

The time which elapses between birth and the first moult appears to vary according 
to conditions, and with the species. I have practically no recorded observations on 
this question, but according to the best of my recollection the Nauplii of Balanus 
perforatus at Naples underwent their moult within the first half-hour or so; 
Chthamalus stellatus at Plymouth and Lepas pectinata at Naples were similar, and 
rapidly attained the full development of the second stage ; while Lepas anatifera and 
Conchoderma •virgata , whilst possibly undergoing the moult with equal rapidity 
(though I did not observe this), were often many days before the tail, caudal spine, 
and appendages showed their full development, though sometimes the change was 
more rapid; I suspect that in their natural condition the change is generally more 
rapid, as the movements of the comparatively sluggish Nauplii seemed to be retarded 
by a thin coating of viscid material which formed at the bottom of the dishes in 
which they were placed. Mere confinement under artificial conditions may also, very 
possibly, have some effect on the rate of change. 

Spence Bate found in all the species he examined (Balanids) that the moult took 

* I regret that I have been unable to see Hesse’s second paper on the development of Scalpellum (25) 
in which figures, which may include the stage under consideration, have "been given. 

MDCGOXOIV.—B. Z 
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place on the second day: in Balanus improvises, according to Budhholz, the moult 
took place at latest on the third day. GrOODSiR found in Balanus balctnoides, also 
examined by Bate, that the moult took place after eight days. It would appear 
possible that the duration of the first stage depends partly on latitude, but not 
altogether, since Chihamalus stellatus, one of the species examined by Spence Bate, 
and stated to moult on the second day, sometimes, as stated above, moults very 
shortly after hatching, so that if the observations are correct other conditions than 
latitude must come into consideration. 

The changes accompanying the first moult were briefly characterized by Willemoes- 
Suhm; in Lepas fascicular is, but have generally been ill-understood, and have given 
rise to some misconceptions. They are simple, however, and need bub brief description. 

When the time for moulting arrives the cuticle of the first stage is burst and 
thrown off. The Nauplius issues from a large gap at the anterior end of the cuticle; 
the water entering this gap probably distends the cuticle, and assists in the process 
of exuviation which is apparently brought about by ordinary locomotive movements. 

The tail and posterior spine, hitherto telescoped far within the body, become 
evaginated; the hairs formed inside those of the previous stage were likewise 
telescoped, and as they become evaginated the secondary hairs with which they are 
furnished, and which at first must lie parallel to the sides of the tube inside which 
they were formed, become visible. Thus the * tail, caudal spine, and bristles often 
appear jointed, the joint occurring where the invaginated portion begins (figs. 165 
and 166). ClaparIdde has already seen this telescoping of the hairs in the Nauplii of 
Lepas anatifera, and Lang in those of Soalpellum vulgare, while Willemoes-Suhm 
observed it in the case of the tail and caudal spine of Lepas fasdculatis, and Hoek 
in the case of the caudal spine in Balanus balanoides .* 

This appearance, however, has given rise to the statement (33) that the caudal 
spine in Balanus perforatus consists of two segments, 

W illemoes-Stjhm has given the same explanation as myself. 

Ntjssbatjm, on the other hand, observed Nauplii of JPollicipes sometimes with a 
long, and at other times with a short caudal spine; the shorter, he states (p. 29), is 
only the longer drawn within the body by a muscle, the spine being protruded 
or retracted at will. This statement is apparently based on inf erence, as one can 
readily perceive in Lepas and Conchoderma that the length of the tail and caudal 
spine depends on age; the supposed muscle is simply a strand of somewhat elongated 
ectoderm and connective tissue cells.! • 

* Grobbbjt (65) an.5 Claus (61)Tigure the oaudal bristles of Bravichigus as arising from a kind of sac 
apparently ip. the same way as the sefetu of Ohaetopods: I suspect, however, that they are simply 
feafesooped as in the above-mentioned eases, and that the invaginated sacs have no essential resemblance 

^Sfeespermanent sacs of Ohsstopods with their special mnscles, The telescoping of the tail and oandal 
^^^eggests comparison with the method of formation of organs in Hexapod insects by “ imaginal 

f The K peculiar chitinons structures ” figured by Knipoyioha (51a) in the young Nauplins of Laura 
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The gradual evagination of these structures, and the curving forward of the fronto- 
lateral horns form the most marked changes the Nauplius undergoes at this moult; 
the frontal filaments appear at once, as also do the bristles and teeth of the setose 
region and labrum, and the carapace becomes larger; the internal organization 
clearer. 

The changes resulting in this transformation are so marked that Lang assumed two 
or three moults to be necessary for their completion in Balanus perforatus. In Lepas 
and Conchoderma, where the contrast is much greater owing to the length of the tail 
and caudal spine, seeing all stages of the transition, I thought that not less than 
four or five moults had taken place, and spent some time in fruitless endeavours to 
find constant differences between the different phases. 

Several examples of these stages are figured (figs. 155,165,166) in Lepas anatifera 
and Conchod&rma virgata. 

Lang’s figure of Scalpellum also probably represents a Nauplius at this transitional 
stage, a s also do Thompson’s figures of Conchoderma virgata , ClapabAde’s of Lepas 
anatifera and Filippi’s of JDichelaspis Darmnii* 

(B.) Size of the Nauplii. 

The Nauplii, after moulting once, attain a size much greater than that of the firBt 
stage. 

The lengths (taken in the species I examined from the front margin to the end of 
the caudal spine) are as follows \—Balanus improvisus, 0*24 millim. (22); Balanus 
balanoides, 0*45 millim. (30) ; Balanus perforatus, 0*46 millim.; Chthamalus steUatus, 
0*32 millim. ; Dichelaspis Darwinii, 0’66 millim. (17) ; Lepas fascicularis, 0*6 millim. 
(28) ; Lepas pectinata , 0*66 millim.; Lepas anatifera, 0*79 millim., and Conchoderma 
virgata, 0*8 millim. 

The Nauplii of each species vary somewhat in absolute length and breadth, and 
the length and breadth vary independently, giving slight differences in shape, but 
the number of cases noted is too small to be worth recording. 


(C.) The Carapace. 

The carapace is characteristic in most of the genera. 

It is essentially an expansion of the dorsal side of the body in anterior, lateral, and 
posterior directions, the cuticle on the dorsal side of which is somewhat thicker than 

over the rest of the body. . , 

■ It is shield-shaped and shallow in Lepas and Conchoderma (figs. 156, 157, 162), 
and has its anterior angles produced-into two long and slender delicately striated 
horns (frlh.); these are directed slightly downwards and forwards, and terminate m 

m ay, perhaps, represort the invaginated caudal spine and adjoining folded enticle just Ms « 
moult.—[13/7/93.] 

Z 2 



172- MR. T. T. GROOM ON THE EARLY DEVELOPMENT OP CIRRIPEDIA. 

an aperture bounded by- slight anterior and posterior spine-shaped edges, between 
which are dorsal and ventral V-shaped gaps. The posterior margin of the carapace 
is produced into a long median caudal spine ( c.sp .), articulated at the base and covered 
with slender spinelets. 

In Dichelaspis Darwinii (fig. 168) the carapace is triangular; the caudal spine 
about the s am e length as in Lepas and Oanchoderma, hut the horns much shorter. 

Tr> Balanus the carapace apparently varies somewhat in shape. In Balanus per* 
foratus (figs. 141, 142) it is rather broadly shield-shaped and distinctly convex, with a 
somewhat convex anterior edge, short fronto-lateral horns, and two short blunt teeth 
on its lateral margin just where it passes into the broad-based caudal spine; the latter 
is much shorter than in the foregoing genera, and is covered with minute spines. 

In Balanus improvisus (22) the frontal horns are relatively about as long as in 
Balanus perforates, hut the carapace is apparently more triangular, and the caudal 
spine relatively shorter. 

In Balanus balanoides the caudal spine and frontO'-hderal hornB are still shorter, 
and farthest removed from the Lepad type, 

In CUhamalus stellatus (figs. 149-151) the carapace approaches a circular or ill- 
marked hexagonal form; the anterior and posterior margins are straight and parallel; 
the fronto-lateral horns as short as in Balanus perforates; the lateral margins show 
two slight bulges at about two-thirds of the length of the carapace from the fronto- 
lateral horns; these mark the openings of two large lateral glands; the caudal spine 
Las a very broad base with toothed margins, and is covered with rather short and 
strong secondary spines. In this species the thickening of the cuticle extends ante¬ 
riorly on to the ventral side, apd ^nds in an abrupt transverse line just in front of 
the frontal filaments. 

In Tetraclita porosa [relying on Fritz Miller's figure (16)], the carapace is also 
nearly circular, and in general appearance much like that of Chthamalus stellatus. 

In Scalpellum vulgare, acgording to the figures of Darwin and Lang, the carapace 
is very broadly shield-shaped, with bulging sides and fairly short horns; the caudal 
spine is short in the figures, hut it appears possible that this may be due to its being 
telescoped, especially as Lang describes the hairs on the appendages as telescoped. 

In Pollicipes polymerus , as figured by Nussbatjm, the carapace is very similar to 
that of Scalpellum , having prominent sides, fairly short horns, and a short caudal 
spine; how long the latter is does not appear from the description or figure, since it 
is not stated whether, in Nussbaum’s Plate 2, fig. 3, it is protruded or not; probably 
it is retracted. 

In Verruca Stromia, judging from Spence Bate’s figures (though these are 
apparently somewhat diagrammatic), as that author has pointed out, the caudal spine 
ii longer than in BaJkcnus balanoides. It is.apparently about as long relatively 
as thfttbf Manus perforate, which has the longest spine of all the Balanid species 
hitherto observed. The shape of the carapace closely approaches that of Balanus 
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and the fronto-lateral horns are apparently relatively about as long as in Balanus 
perforatus or B. improvisus. 

It is thus evident that the carapace varies from a broad and convex shield-shaped 
or almost circular structure with short horns and caudal spine to a shallow more or 
less triangular structure with long horns and posterior spine. 

Its surface is quite smooth in Balanus perforatus, but in Conchoderma, Lepas , and 
Chthamalus it shows a fine reticular structure, which I at first imagined was due to 
the outlines of minute ectoderm cells below it till I perceived that the ectoderm cells 
were too scattered to produce such marking. In cases where decomposition of the 
animal has set in the markings are lost, though delicate chitinous hairs remain. The 
markings are evidently not in the chitin, but belong, in some way not perfectly clear 
to me, to the more decomposable tissues immediately beneath. The meshes of the 
network are fairly large in Chthamalus, but very small in Lepas and Conchoderma ; 
in the latter two forms its distribution gives rise to a tolerably definite pattern- 
formed by a series of intersecting curves, the main lines of which run in definite 
systems, which have, in many cases, a marked relation to the points of attachment of 
fibres passing from the carapaoe to the walls of the alimentary canal. 

The cuticle over the whole of the body is everywhere underlaid by the ectoderm, a 
layer of protoplasm (except where the muscles are attached), which has a finely 
granular appearance and is generally thin, but locally thickened in the neighbourhood 
of the large scattered nuclei, with their distinct nucleoli. At the- sides of the 
carapace is a band pretty definitely marked off from the rest along which the ectoderm 
cells have a vesicular appearance. 

At the base of the fronto-lateral horns are situated in all the species examined a 
pair of large glands—the fronto-lateral glands (frl.gl )—which are probably to be 
regarded as specially developed ectoderm cells, though the embryological evidence on 
this point is not complete. 

The gland has the same structure in all the species. It consists of two greatly 
developed cells which have strongly refractive chitinous walls; these completely 
invest each cell exoept at the distal ends, where the chitinous sac ends in an irregular 
margin within the tubular horns. The two chitinous sacs which are respectively anterior 
and inferior, and posterior and superior, are closely applied together for the whole of 
their length, and together form a spindle-shaped organ extending from a point on the 
right or left side of the lower surface of the carapace above the sides of the stomach : 
the mai n and distal portion of each sac is either empty or filled with spherules of 
a transparent secretion, which are generally so numerous as to he pressed together 
into polyhedral bodies (frl.gl.s.). "When found outside the horns these drops of 
secretion are spherical. 

A considerably smaller portion of the proximal end of each sac is occupied by finely 
granular protoplasm, with a large nucleus (seen in Lepas, Comhoderma , and 
Balanus ) with a reticular meshwork of deeply staining threads and particles (fig. 138). 
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The protoplasm, as it is traced away from the nucleus, becomes filled by droplets of 
the secretion, which finally merge together to form the larger spherules filling the sac. 

The posterior of the sacs was often found to be empty in Lepas. 

The lumen of the horns is commonly partially interrupted in Balanus and 
Chthamalus (figs. 141, 142, 149) by structures looking like spines or hairs. It must 
have been this structure which led Dajrwin to believe that the axis of the horn was 
occupied by a plumose process, regarded by him as corresponding to the prehensile 
antennules of the Cypris-stage. They are commonly attached only to one side, and 
are, I suspect, caused by the solidification of the peripheral part of the secreted 
spherules while still within the tube, and the bursting of these caused by the pressure 
of the secretion behind; the partitions, at all events, closely resemble the walls of the 
spherules of secretion filling up the cavity of the glandular sacs. 

The fronto-lateral glands are, accordingly, a pair of large unicellular and uni- 
nucleated glands.* 

Posterior to these, in Balanus perforatus and Chthamalus stellatus , are a pair of 
similar but rather smaller glands (figs. 141, 149, lat.gl.),> pretty definitely marked off 
from the rest of the tissues, but without,the strong refractive investment of the 
fronto-lateral glands. These are attached to the carapace close to the point of inser¬ 
tion of the fronto-lateral glands; they pass backwards and outwards to a point about 
one-third of the .length of the margin of the carapace in front of the commencement 
of the caudal spine, and open externally hy a pair of apertures very prominent in 
Chthamalus , and situated on a part of the margin bulging out beyond the rest 
(fig. 150). 

These are the lateral glands: they are absent at this stage in Lepas and Concho - 
derma. 

In all three forms a third structure occurs (d.b. in figs. 156, 1 57, 162), which, on 
account of its resemblance to the glands of the labrum to be described shortly, I am 
disposed to regard as glandular. 

It consists of a short cord of very granular or vesicular tissue (d.b.), arising from 
the dorsal surface of the investment of the brain close behind the eye and passing 
upwards and forwards to the carapace. Its substance is distinct from that of the 
brain, and there seems no reason to infer any intimate connection between the two. 
In later stages it is clearly seen to be unicellular. 

(D.) The Labrum. 

The labrum {Ibr .), though always large, varies considerably in relative size and 
form, and in., details of Structure, in the different genera. It is characteristic 
in Lepas, Dichelasp is, Chthamalus, and Balanus, and probably in 'other genera j 
in Qmchoderma, however, in agreement with the close affinity of this genus 

* They appear to be essentially similar in structure to the two pairs of glands described and fignred 
by Grosser m the tail region of the Copepod Cetochilus . 
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with. Lepas, it is indistinguishable from the labrum of that species. In other genera 
it is unknown to me, and the published figures, with, perhaps, the exception of 
Verruca, are not sufficiently good to rely upon. 

It is very large in Lepas and Conchoderma, where it extends to the posterior end 
of the body. 

In Dichelaspis it is as long, but more slender and pointed. In Bdlams it is 
relatively broad and short. 

It consists in the above-mentioned genera of a proximal ( Ibr.prox .) and a distal 
lobe ( Ibr.dist .). Both are furnished with a row of long hairs on the upper surface 
(that turned towards the ventral side of the post-oral region): these follow the 
margins for the greater part of the length of the labrum, but proximally turn inwards 
and converge towards the mouth. 

The proximal lobe is ovate in shape in Lepas, Conchoderma, Dichelaspis, and 
Chthamalus, but broader and shorter in Chthamalus than in the others. In Balanus 
it is also broad and short, but its distal end is furnished with two small lateral lobes 
which give it a characteristic shape. 

The distal lobe, though smaller than the proximal, is large and pentagonal in 
Lepas and Conchodmna, resembling in shape the section of a rather flat-topped 
haystack, and is provided with one large perforated median and two smaller lateral 
teeth on its expanded distal margin. In Dichelaspis it is narrow, parallel-sided, and 
pointed at the end. In Chthamalus it is large and parabolic, and supplied with 
two or three distinct median and two lateral teeth, together with three or four 
smaller ones between these on each side. In Balanus the median lobe is similar in 
shape though smaller, and supplied with two lateral teeth, one on each side. 

In Verruca, relying on Spence Bate’s figure, the b.asal lobe of the labrum is large 
and ovate; the distal lobe small and pentagonal, and resembles Lepas and Concho¬ 
derma in the disposition of the teeth (one median and two lateral), but agrees more 
closely with Dichelaspis in the prominence of the median part bearing the unpaired 
tooth. 

„ ’ The labrum has somet im es been stated to be movable, but I never observed this, 
and satisfied myself that no muscles pass to it with the exception of short ones from 
the oesophagus. 

The labrum is longer on its lower than on its upper side, the lower being attached 
immediately behind the eye, and the upper at about the level of the point of 
attachment of the antennae. 

The axis of the labrum is occupied by a peculiar gland ( ax.gl .) confined to it, and 
opening at its distal end. 

This occurs probably in the Nauplii of all the Thoracic Cirripedes; I have observed 
it in Lepas, Conchoderma, Dichelaspis, Chthamalus, and Balanus. It is of different 
nature to the fronto-lateral and lateral glands. Though essentially similar in all 
these it varies somewhat in the different groups. 
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It is simplest in Lepas anatifera, L. pectinata, and Conchodewnci s for which forms 
one description will suffice. It is readily visible in all specimens of these genera as a 
narrow cord of granular or vesicular matter running from the base of the labrum to 
its end. It is this, and not a simple groove as Balfour supposed, which has been 
taken by so many observers for the oesophagus. 

The gland on careful examination is seen to be composite, and to consist of four 
elongated and probably unicellular glands, two of which, forming a pair, are attached 
to the sides of the base of the labrum some distance in front of the mouth (figs. 158, 
159), and two lying close together, forming a central strand inserted immediately 
below and in front of the mouth; all three strands unite in the middle line, while 
still within the proximal lobe of the labrum, but, maintaining their independence, pass 
towards the end of the distal lobe of the labrum (within which, not far from their 
termination, they may become slightly expanded and diminish) to the central tooth 
by an aperture, on the summit of which they open to the exterior. 

The contents vary somewhat, but generally consist of deeply-staining, coarse 
granules of uniform size, but in many cases a different appearance is caused by the 
presence of a number of vacuoles. 

I observed in some cases one, and, as far as I could ascertain definitely, only one 
nucleus for each cell, generally placed near the proximal end. 

In the remaining forms examined the contents of the glands consisted of finely 
granulated vacuolated material. 

In Bichelaspis Darwinii (fig. 168), as far as I could make out from mounted speci¬ 
mens, the form of the gland approaches that of Lepas and Conchoderma, except that 
its distal end is expanded into a spindle-shaped body, filling up the greater part of 
the distal lobe of the labrum. One or more of the large vacuoles are generally 
present. 

Ik Okthamalus stellatus, in which the labrum was only investigated in spirit 
specimens, I could only make out the distal portion of the gland; this is swollen 
{fig. 150) in a marked manner at the tip, as in the case of Balanus, 

In Balanus perforatus (figs. 139a, 142, and 145) the gland consists of four pear- 
shaped cells which meet together at the distal end of the labrum, but in accordance 
with the diminution in length of the labrum the gland Is shorter owing to the absence 
of the part corresponding to the proximal portion in Lepas. The nuclei are large and 
'distinct, and ftirnished with a distinct intranuclear network, and generally resemble 
those of the fronto-lateral glands, hut are smaller. The glands are here distinctly 
seen to be unicellular. A delicate axial fibre (figs. 1 S&d and 145, ax.gl.Ji.), appa¬ 
rently of the nature of connective tissue, runs from a small group of cells situated 
taaediately in front of the mouth to the distal end of the axial gland, serving, 
as a support for the gland cells,* 

*%t&r gf&tiia apparently correspond Witt those figured but net 'described by Outre (61) in the 
labrrun of N&nplius of BrancMpus. 
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Immediately behind the labrum, as Hoek alone has stated for Balanus balanoides, 
and Balfour supposed in Lepas fascicularis, is the mouth, with a strong chitinous 
margin, which excavates with its lower half the base of the labrum. This side is also 
deepened by two grooves bounding a small median lobe between them, while the 
chitin is thinner and less conspicuous on the upper margin. 

(E.) The Setose Region. 

The setose region (figs. 144, 152, 160, and 163) presents certain characters common 
to the whole group, but the details, though constant in the species, are often 
distinctive of the genera. 

Passing down the sides of the region from the mouth in an elegant lyre-shaped 
curve in Lepas, Conchoderma, Chthamalus, - and Balanus is a band of long hairs 
(which may be double) bending in towards the middle line and immediately beneath 
the ventral insertions of the flexor muscles. These may be termed the flexor arcs 
(fl.arc). 

In front of the flexor arcs, disconnected in Chthamalus , united together by two 
slight ventral loops in Balanus, and by a distinct band in Lepas and Conchoderma 
(where it is immediately followed by a second slight transverse hand), a band extends 
on each side from about half way along the flexor arcs towards the ventral side of the 
region; these may be termed the anterior arcs {ant.arc). In the normal position of 
the parts they lie immediately above the labrum, forming with the hairs of that organ 
a sieve, preventing the escape of large particles from beneath it. 

In Balanus and Chthamalus there is also a median group of hairs on the region 
above the base of the labrum and not far behind the mouth. 

Behind the flexor arc are two short curved lateral bands, between the anterior ends 
of which are two slight curved bands in Lepas, Conchoderma, and Balanus, apparently 
represented by a single transverse band in Chthamalus. The lateral bands may be 
termed the extra-maxillary arcs {ex.mx.arc), and the smaller bands the pre-maxillary 
bands {pmx.bd .). 

Posterior and nearly in a line with the former are two bands of long bristles 
passing obliquely upwards to unite on the dorsal side of the tail behind the anus: 
these are the anal arcs ( an.arc); they belong properly to the thoracic region. 

In Balanus the extra-maxillary bands are only slightly developed. 

In Lepas and Conchoderma a maxillary arc runs from the point of junction of the 
extra-maxillary and anal arcs. 

These terms are used to facilitate descriptions, and because some knowledge of the 
area will be required in discussing the morphology of the gnathites. 

(F.) The Tail {Thorax-abdomen). 

The tajl {ta.) varies considerably in length and appearance in the different genera, 
and to some extent in the species. 

MDOCCXCTV.—B. 
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In Lepas anatifera , L. pectinata, L.fascicidaris (28), probably in L. ansevifera (5), 
and in Dichelaspis, it is long and simple, and covered with fairly long secondary 
spines. 

In all the examples of Conchodemna investigated it was similar, but bifurcated at 
the tip. 

In Verruca (21) it is apparently similar to Conchoderma , but shorter. 

In Chthamalus stellatus it is short and the spines few. 

Tn Balanus the secondary spines are much shorter. In Balanus perforatus the tail 
is rather short, in B, improvisus (22) it is still shorter, and in B. balanoides (30) 
apparently very short. 

At some distance behind the base of the tail in all the species are a pah of very 
strong ventrally and laterally directed spines, with toothed postero-ventral and antero- 
dorsal edges, the teeth being much more numerous and marked on the ventral side in 
most species. The teeth of the posterior margins are continuous across the middle 
line. 

These spines mark the commencement of the abdomen, and, as will be seen later, 
correspond partly to the caudal appendages of the Cypris stage. The posterior end 
of the head region is marked off by the maxillary arc. 

The thorax occurring between these limits is marked laterally by the anal arc, and 
is generally provided with fewer and shorter spines than the caudal or abdominal 
region. 

(G.) The Appendages. 

Fortunately the appendages, which might be supposed to need the longest descrip¬ 
tion in a comparative account, show no important difference in any of the species I 
have examined. 

It is not a little remarkable that with the exception of the presence of some short 
simple hairs in Lepas , which are absent in Balanus , and of slight differences in the 
relative proportions of the parts, the structure of the appendages is exactly the same 
in each of the species. - There are the same number of joints on corresponding branches 
or basal pieces, and the same number of bristles, spines, or teeth on each of the joints; 
these processes are numerous, and present great variety in structure, but the differences 
are repeated in each species, so that there are precisely the same n umb er of simple 
bristles, plumose bristles, simple spines, plumose spines, teeth, &c,, in the Nauplius of 
every species at this stage. 

This is true of such different forms as Lepas anatifera , L, pectinata, CoTichoderma 
virgata, Chihauialus stellatus, Balanus perforates, and probably all the rest of the 
Thoracica. 

3$ew who have studied Cirripedian development have attempted to minutely 
chai^t^dze the appendages, and a careful comparison of the species ha s given 
results, which* while they agree perfectly together, only partially agree with the 
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statements of those who have. This, however, is not difficult to understand con¬ 
sidering the difficulty of counting numerous hairs on such minute forms, and I must 
say that it was only a perception of the very close agreement between all the species 
that saved me, as I believe, from error myself. For I had only to see a difference in 
two of my sketches to discover upon .re-examination of the object that a mistake 
had been made in one or other. 

In Balamis improvisus, the characters of the appendages, as given by Buchholz, 
much resemble that given below; in Balanus balanoides ( 30 ) the description agrees 
even more closely, while in Lang’s description of the Nauplius of Balanus perforatus , 
which is the only account in which minute details are given, the agreement is almost 
perfect, but, still not quite exact, but as this is one of the species I e xa mined this 
discordance must disappear. 

In describing the appendages it will be convenient to recognize the following— 
hairs, small and simple ,* bristles , much stronger; plumose h'istles, with hairs on one 
or both sides; spines and plumose spines much stiffer; conical processes and teeth 
still stronger; and the gnathobase as a movable biting piece. 

It will abbreviate description to state that all the bristles, spines, &c., at this 
stage, arise on the ventral sides of the appendages, with the exception of the line of 
simple hairs on the dorsal sides of the second and third pairs of appendages; and 
that the bristles and spines curve inwards towards the centre of the ventral surface. 
It is also to be noted that the secondary hairs on the bristles are given off in the 
dorso-ventral plane on one or both sides. 

The antennules or first pair of Nauplius appendages are a pair of uniramous, 
elongated appendages, generally directed downwards and forwards, parallel to the 
long axis of the body, but during motion moved to a position at right angles to this. 

They consist of four joints, of which the first or basal is of truncated conical shape 
and devoid of hairs, the narrow end fitting by means of a flexible membrane into a 
circular opening in the body wall situated opposite the extreme anterior end of the 
labrum, in the angle between that organ and the lobes of the brain; they are thus 
distinctly pre-oral in position ,* the remaining joints are cylindrical; the second bears 
a simple bristle at the distal end ; the third is much the largest, and gives off about 
its middle a plumose bristle, and at its distal end two bristles, one simple, one plumose; 
the last joint terminates abruptly ,* at its distal end is a dorso-ventral row of four 
bristles, the second ventral one plumose, and rather stronger than the rest, which 
are simple. In Balanus there are at this stage no dorsal bristles or hairs, but in 
Lepas there is a bunch of hairs at the distal end of the third joint. 

The antenncB are large and consist of a two-jointed protopodite , an endopodite, and 
an exopodite. 

• The protopodite is two-jointed and very stout. Its proximal joint is attached to 
the body, not far from the anterior comers of the mouth, by a rather narrow neck, 
which soon expands into an almost spherical distal portion; this is produced, on its 

2 a 2 
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ventral and inner side into a very strong conical process or gnathobase (gn.), with two 
sharp teeth at its apex, surrounded with small spines and hairs. This process works 
with the limb in a horizontal circle towards or away from the mouth, close behind 
which the teeth are situated when the appendages are directed backwards ; it has 
also an independent motion of its own, being articulated with the globular head of 
the joint, and moved, as I have been able to observe, backwards and forwards by 
means of a powerful muscle (fig. 142, gn.m.), for the reception of which the joint is 
swollen. The second joint is also rounded but much smaller than the first, and gives 
rise on its inner and ventral side to a powerful hairy spine, with a strong conical 
base, which is furnished with two short bristles, one simple, the other plumose, The 
dorsal edge of both joints has in Lepas a line of short hairs, scarcely represented in 
Balanus. 

The endopodite (in accordance, perhaps, with the function of the spines of its 
base) is not sharply separated off from the protopodite, the basal joint not being 
distinctly articulated. It consists of three joints; the basal one is rounded, and 
has on a prominence on , its inner and ventral side two long spines with numerous 
hairs arranged regularly down both sides. The second joint is smaller and 
cylindrical, and has two ventral stiff plumose bristles placed side by side at its 
distal end. The third joint is oval, and provided with three bristles, the moBt 
ventrally situated simple, and the two others plumose. 

The exopodite is longer than the endopodite, and lies dorsally to it. It consists of 
nine joints, of which the first seven are cylindrical, and diminish regularly in 
diameter from the proximal extremity; the eighth is conical, and the ninth minute. 
The dorsal side of the whole exopodite is marked by a band of short hairs con¬ 
tinuous with those on the protopodite. The first joint has no other appendages ; the 
second and third have a ventral row of hairs; the third has, in addition, a simple 
bristle at its distal end; the next four joints (4 to 7) have each at their distal end a 
long bristle-, plumose on both sides. The bristle of tbe eighth is very- strong and 
•almost as wide at its base as tbe joint itself, and is plumose on both sides in Balanus, 
and more strongly so on one side in Lepas; the bristle of tbe ninth is smaller and 
simple. The axis of the exopodite is generally curved somewhat dorsally. 

- If the term mandible were used in a descriptive sense, the second pair of 
appendages of the Cirripede Nauplius should certainly he so termed, but since the 
■third pair probably morphologically represents the first and strongest pair of jaws 
in the adult, the name may be reserved for the latter. 

• The mandibles, or third pair of appendages, are smaller than the an t enn ae, and 
consist, likewise, of a protopodite, endopodite, and exopodite. 

The protopodite is two-jointed. The basal joint is attached by a rather narrow 
.behind the antennae, and behind and outside the mouth; it enlarges 
a rounded head whieh gives off 1 on its ventral and inner side a strong 
Spin&t /pfon&eSe csn two -sides, and which works horizontally (with the limb only) 
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behind the mouth, and below the bidentate process of the antennae. The second 
joint is large, flattened from side to side, and expanded distally ; on its lower side is 
a semicircle of hairs (double in Leyas) with the concavity turned inwards ; this joint 
also has two spines, which are bent inwards, and plumose on two sides, the proximal 
one being stouter, especially in Balanus; in Leyas both rather resemble stiff bent 
plumose bristles. 

The endopodite is two-jointed ; and, as in the case of the antennae, not so distinctly 
articulated as the somewhat shorter and more dorsally situated exopodite, and not 
sharply marked off from the protopodite. The first joint is short and expanded 
ventrally; it bears on its lower side a semicircle of hairs in Lepas, in addition to 
which is a distal group of hairs ; the prominence bears three plumose spines bent 
inwards, one of which, situated most dorsally, is stouter than the other two, especially 
in Balanus. The distal joint is bluntly conical, with a ventral notch not far from 
the end; this gives insertion to two stiff bent bristles placed side by side, one on the 
outer, and one on the inner side, the former plumose, and the latter simple; at the 
base of this joint is a small semicircle of hairs on the outer side in Lepas; at the end 
of the joint are three stiff bristles, two more ventrally situated, placed side by side, 
and one terminal; all three are simple. 

The exopodite is five-jointed and longer than the endopodite. The joints taper off 
distally, each bearing a bristle; that on the first joint is simple and shorter than the 
rest; the next three are plumose on both sides, and the fifth is the direct .con¬ 
tinuation of the small spindle-shaped fifth joint, and has long secondary hairs on the 
ventral side only. The dorsal side of the exopodite has also a row of simple hairs. 

An axial portion can be distinguished within each hair or process, which has been 
regarded as a nerve; it is, however, nothing more than the hair of the next stage, as 
can readily be seen just before a moult. 



TaMM lowing Number of Joints and Processes in the Appendages of the Cirripede Nauplius of Stages 1 and 2. 
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(H.) The Alimentary Canal. 

. The alimentary canal already possesses the three divisions characteristic of that 
of the adult. These have been noted by Munter and Bttchholz. They are the 
oesophagus (stomodceum ), the stomach (mainly mesenteron), and the intestine (jprocto - 
dceum). It is not possible, I think, to distinguish, as these authors have done, a 
posterior section or rectum. 

The oesophagus (oes.) commences with a mouth provided with a thickened chitinous 
margin, and runs forward, as Darwin has observed, from immediately behind the 
base of the labrum, as a bent tube, the course of which is indicated in the figures 145 
and 158. The first part is horizontal, and leads close to the lower sloping surface 
of the head, which may be described either as the base of the labrum, or as a part of 
the head continuous with it. It then bends round in a gentle curve, and passing 
between the circum-oesophageal connectives into a short vertical section placed 
immediately behind the brain, which can be nearly always seen in optical section in 
both dorsal and ventral views (fig. 157). Its termination projects (as in the adult) 
backwards into the stomach (figs. 136c and 139a). The tube is slender and consists of 
a single layer of polyhedral cells (figs. 136c-137cZ), each with a relatively large 
nucleus, often containing a single nucleolus; about four to eight of these cells are seen 
in transverse section; the lumen is distinct, and circular or quadrangular in section. 
When living the oesophagus is seen to be transversely striated, and to be under¬ 
going peristaltic contractions (which have led to its being regarded as a heart). The 
appearance and movement are due to the presence of a single layer of circular 
muscles, which are readily seen when the motion ceases, or in stained specimens. 
They consist of a number of simple spindle-shaped fibres, apparently unstriated at this 
stage, short and broad when contracted, and much elongated at other times. The 
oesophagus is attached to the walls of the labrum by a number of contractile fibres 
(figs. 145 and 158) which radiate out from, and serve to dilate it. 

The stomach ( st .) consists of a large simple globular or spheroidal sac, usually of a 
green or brownish colour, and occupying a considerable part of the anterior of the 
body of the Naup'lius. 

It has a distinct enteric cavity which arose for the first time just before the 
hatching of the Nauplius. It has now also an ordinary cellular structure, and as may 
readily be determined the cells arise by direct transformation of the yolk-endoderm 
pyramids. Just before hatching it will be remembered that the whole stomach 
consisted of a number of yolk-endoderm cells, each consisting mainly of yolk granules 
but containing a single nucleus. Each pyramid has now become directly transformed 
into an endoderm cell (fig. 141) by conversion of the yolk granules into protoplasm. 
The endoderm cells at first large (fig. 141), soon become much smaller by rapid 
division (figs. 156, 136a-d), and all traces of the yolk disappear. The endoderm is 
thus not, as has been supposed by Hoek, a new formation independent of the yolk 
segments. My account agrees rather with that of Nasonov, who describes the 
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nuclei in the endoderm segments as becoming peripheral, the granules diminishing in 
number, and the endoderm segments becoming smaller as a cavity arises between 
them. 

The wall of the stomach consists of a single layer of cells of two sorts : the first are 
polyhedral cells larger than those of the oesophagus and intestine, and containing a 
large round nucleus with a nucleolus (figs. 136a~d); they occupy the whole wall of 
the stomach, except a small posterior section, and are directly derived from the yolk- 
endoderm cells. In the neighbourhood of the opening into the intestine the colls 
forming the posterior wall of the stomach ( st.gl.c .) are much narrower and higher, 
forming a columnar epithelium, the nuclei of which are oval and arranged radially ; 
the protoplasm of these cells is distinctly radially striated and stains much more 
deeply than the rest of the cells of the stomach (figs. 136a, 1366); these cells are 
part of the proctodseum. The opening of the pyloric end of the stomach is small 
(fig. 136a) and situated dorsally, owing, apparently, to a downward growth of the 
hinder wall of the stomach. The ventral side of the pyloric end projects below the 
anterior end of the intestine (figs. 136a, 1366). The statement of Buohholz that 
the Btomach is furnished with circular muscles requires limitation, as they occur only 
on the portion at the posterior end. These muscles are quite similar to those of the 
oesophagus and intestine ; circular muscles are thus apparently limited to the part of 
the gut arising from the stomodseum and proctodseum. Extending from the posterior 
end of the ventral prolongation of the pyloric end of the stomach to the middle 
of the intestine is a group of simple unstriated longitudinal muscular cells (figs. 136a, 
1366, 142, 146). 

The intestine (int.) varies in appearance from a narrow, tubular, distinctly trans¬ 
versely-ringed organ to a broadish oval sac, according to the state of contraction of 
the muscles surrounding it. It consists, like the oesophagus, of an epithelial and 
muscular layer. The former is a simple layer of low, rounded or flattened, cells 
(figs. 136a, 1366), not always distinctly marked off from one another; the nuclei are 
small and contain a single nucleolus. The muscles are simple, uns triated, spindle- 
shaped fibres with a single nucleus, varying much in appearance according to the state 
of contraction, The anus, as already stated, is a narrow aperture, placed between 
the tail and caudal spine. 

In addition to these epithelial and muscular elements, the walls of the alimentary 
canal are completed by mesodermic cells, which will be referred to again, 

The alimentary canal is attached between its extremities to the body walls by 
fibres, some of which are probably contractile ; just before the anus is a transverse 
sheet of tissue, attached to the body walls all round the anus (figs. 141, 156, m.dil.\ 
and probably including many contractile fibres. 

(J.) The Nervous System. 

The nervous system at this stage differs somewhat in the Lepads (Le/pas anatifera, 
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L. pectinata, Conchoderma virgata, Dichelaspis Darmnii) and Balanids (Bcdanus 
p&i'foratus, Chthamalus stellcttus') , but tbs structure is very uniform in tbe members 
of tbe former family. 

None of tbe existing descriptions of tbe nervous system are complete; most 
observers have seen tbe brain alone, and have described and figured even that incor¬ 
rectly. Krohn and Nussbaum: alone appear to bave seen tbe circum-cesopbageal 
ring and sub-oesophageal ganglion, tbe former in a Balanid Nauplius, and tbe latter in 
Pollicipes ; but tbe figures of both are diagrammatic, and scarcely any details are 
given. 

In order to make out tbe nervous system satisfactorily, it is necessary to stain and 
clarify tbe more transparent Nauplii, and to cut sections of tbe more opaque. 

In tbe Lepads (figs. 154, 156-159) it consists of a small brain of two lobes ( hr .), 
closely applied in tbe middle line, and staining more deeply than tbe circum-cesopha- 
geal connectives arising from them, owing to tbe more numerous ganglion cells present. 
Each lobe is spherical, and situated close to tbe ventral surface ; it passes backwards 
into one of tbe two connectives (c.c.c.). Tbe latter bave ganglion cells all along their 
course, but present in much smaller numbers than in tbe ganglia. Tbe connectives 
diverge and form an elongated loop on each side of tbe oesophagus and terminate 
immediately behind tbe mouth in two triangular* gangba (figs. 159, 160), closely 
applied in tbe middle fine to form tbe sub-oesophageal ganglion (sub-ces.g .) 3 tbe 
posterior wings of which project (in tbe direction of connectives to be formed later) 
close beneath the flexor arcs about as far back as the level of tbe posterior end of tbe 
stomach, but not so far as tbe end of tbe labrum ; tbe sub-oesophageal ganglion is thus 
concealed both in dorsal and ventral views. 

Each lobe of tbe brain is excavated by tbe spherical base of tbe frontal filaments, 
and supports on its dorsal surface close to tbe middle bne one-half of tbe Nauplius eye. 

All parts of tbe nervous system at this period are in close connection with, or 
rather form 1 thickenings of, tbe ectoderm. 

In Chthamalus (fig. 149) tbe nervous system resembles that of Lepads, with tbe 
exception of the addition of tbe pair of accessory lobes ( h'.acc.l .) described in 
Balanus. 

In Bcdanus perforates (figs. 137c to 139a, 141, 143, 145) the nervous system is 
more complex; it here consists of a complex brain, circum-cesopbageal connectives, 
and a sub-oesophageal gangbon, all in tbe closest relation with tbe ectoderm. 

Tbe brain consists of a number of lobes, of which two—tbe anterior lobes (br .)— 
resemble and correspond to tbe simple lobes of Lepads. These are more or less 
reniform, and closely applied to one another anteriorly, but separated behind by two 
other lobes. They are excavated anteriorly by tbe bases of tbe frontal filaments, and 
support close to the middle line tbe pigmented plates of tbe Nauplius eye; tbe 
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* The shape was not made out in Dichelaspis. 
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lateral portions, not as yet distinct from the rest, will form the compound eyes, and 
may be termed the optic tracts. The anterior lobes are thus sensory in function. 

Between the hinder ends of these lobes, and distinct from them, are two smaller 
hemispherical lobes (figs. 13W, 141, 143, br.acc.l), closely applied to one another 
in the ™;^1 a line, and which may be termed the accessory lobes. I have failed to 
recognize their significance. 

The whole of the anterior lobes consist of small ganglion cells, the nuclei of which 
are closely crowded and show a number of deeply staining granules. The same may 
be said of the accessory lobes; the latter, however, rest upon a large spherical mass 
of grey matter (figs. 137a to 137c, bv.c.l), also associated anteriorly with the anterior 
lobes, and posteriorly almost in connection with the grey matter of the connectives. 

On the ventral side of this central lobe is a second accumulation of ganglionic 
matter on each side (fig. 137a, br.p.L), composed mainly of ganglion cells and forming 
the posterior section of the ventral portion of the brain ; these may be termed the 
posterior lobes. They meet in the middle line and give off posteriorly the two circum- 
cesophageal connectives (figs. 143, 145, 137a, c.o.c.). The circum-cesophageal con¬ 
nectives separate and pass in an oval loop round the oesophagus ; they consist mainly 
of grey matter, but have a group of ganglion cells all along the ventral and outer 
border (figs. 136a, 1375). 

The connectives give off on their ventral side shortly after leaving the brain two 
ventral lobes—the nerves to the labrnm ('Ibr.n .)—which pass into (figs. 136c, 136<i)and 
occupy the dorsal section of the sides of the proximal lobe of the labrum; they run 
nearly to the end of this lobe (fig. 145). These branches consist mainly of ganglion 
cells; their origin and fate are closely connected with those of structures apparently 
of glandular nature, more fully developed at a later date. 

The connectives have in front few ganglion cells, but these soon increase in number, 
and limit tbe grey matter to their inner and dorsal side (figs. 1375, 137c); the 
connectives unite behind the mouth and form a broad and thick plate of ganglion 
cells, bilobed and still containing grey matter anteriorly (fig. 1376), but simple 
posteriorly (figs. 187c, 137d); the posterior section finally becomes thinner and 
disappears in the setose area. 

The antennules arise precisely at the level of the posterior lobes, and are in close 
connection with them, a short prominence of the lobe (fig. 137a) sometimes projecting 
into tbe cavity of the appendage. 

antennae arise at the level of the circum-oesophageal connectives (fig. 137a), 
and the ganglion cells on their outer and lower border sometimes project slightly into 
the cavity of the appendage. 

The mandibles arise just opposite the anterior end of the large sub-oesophageal 
gfm^ion with which they are in close relation (fig. 137d), 
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(K.) The Sense Organs. 

Of sense organs two kinds only can be detected at this stage. These are the 
Nauplius eye and the frontal filaments. 

The eye ( Npl.eye ) consists in all the species of two oblong black pigment plates 
generally placed together (but sometimes separated by a small interval) in the middle 
line, like the two halves of an open book, each on the dorsal side of one of the anterior 
lobes of the brain, and not separated from the latter by an interval as figured by 
Nussbaum. Sometimes, especially when the eye is injured, a reddish colouring 
material may also be seen. I could detect no special cells in connection with these 
plates; the ganglion cells below are apparently similar to those elsewhere.* The lens 
stated by a number of observers to exist, but denied in Balanus balanoides by Hoek. 
is equally absent in all the species I examined. 

The ( fi'.Jii .) are two delicate transparent filiform organs inserted, as Fritz 
Muller (16) and Hoek (30) have supposed, directly on the brain. 

They consist of a cuticle,t separated from that of the rest of the body by flexible 
membrane, and of an axial strand. The sheath or cuticular portion consists of two 
joints, and is never multi-articulate as figured by Spence Bate ; the basal joint is 
short and conical, and the distal filiform and closed at the end. They are directed 
downwards and a little forwards, the distal joint having a ventral flexure. The basal 
portion. arises on the ventral surface of the body at the level of the eye, and is 
situated on the ventral surface of the anterior lobe of the brain, inside which its 
continuation expands in the form of a spherical vesicle seen on each side of the eye 
(figs. 137b, 137c, 141, 142, 145, 149). In most cases the contents of the sheath are 
not distinctly seen, but in favourable sections a finely or coarsely granular portion is 
seen occupying the axis of the filament, and expanding within the spherical base. 
This axial portion much resembles in appearance the grey matter of the brain, and is 
probably of a nervous nature and in communication with the brain at the base of the 
sac, though I was not able to observe this connection. 

There are no muscles passing to the frontal filaments, which can therefore be 
moved only in a passive manner. 

(Ii.) The Muscles. 

The muscles proper to the wall of the alimentary canal have already been desciibed. 
There are others which are equally unstriated and which cause dilatation of different 
parts of the gut. These are most prominent in connection with the oesophagus, which 
they connect with the wall of the labrum (figs. 145). They are also found in connec¬ 
tion with the hind-gut, and nucleated fibres, probably contractile, are found in the 
transverse membrane close to the anus, which they serve to dilate. 

* Special cells in co nn ection with the pigment plates are seen in some of my best preparations of 
later Naoplins stages. 

+ The cuticle, like that of the rest of the body, is insoluble in. hot strong caustic potash. 

2 B 2 
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The disposition of the striated muscles has been described in most detail by 
Hunter and Buchholz, and by Hoek, and the accounts of these authors agree in 
most points with my own. The muscles, however, stated to go to the fronto-lateral 
horns, do not exist, those of the antennules, or the glands of the horns, having 
been apparently mistaken for such. No muscles pass to the labrum, and any 
movements that organ undergoes must be brought about accidentally. It seems 
probable; however, that the distal lobe can move on the proximal, since two strong 
fibres (figs. 142, 145) (possibly unstriated muscles) pass from the dorsal sides of 
the proximal lobe of the labrum to the base of the distal in Balanus. As stated by 
the above mentioned observers, muscles pass from the median dorsal line of the 
carapace to the limbs (app.d.m.). They radiate out from the central area of the 
carapace as six systems, one passing through the dorsal section of the body cavity to 
each limb. The muscles to each limb do not all arise close together; thus, for 
instance, some muscles going to the mandibles arise in front of some going to the 
antennae. There is on the ventral side an almost equally strong system of muscles 
(figs, XB7b, 137c, 154, app.v.m.) which have been overlooked owing to their being 
hidden by the stomach in dorsal views and by the labrum in ventral views. They 
are readily seen when ventral views are obtained of N’auplii in which the labrum has 
been bent forward, and in lateral views, or even in dorsal views, by focussing deep 
down in transparent specimens. The figures will sufficiently indicate the disposition 
of these twelve groups. 

The powerful flexor muscles (fl.ta.) (in ventral and lateral views) of the tail pass 
from the carapace close to the attachment of the secreting end of tbe fronto-lateral 
glands downwards and backwards to the base of the tail. They have been already 
correctly described by Buchholz and by Hoek. The muscles to tbe limbs are all 
transversely striated (fig. 138a), They are inserted directly on the cuticle at both 
ends. The histology of the several species I observed much resembles that described 
by Hoek in Balanus balanoides. The transverse striations are clear, and each fibre 
has one or more, commonly two, protoplasmic corpuscles on one side. 

Of a number of muscles limited to the limbs and causing movement of one part on 
another, one only needs special mention. This occurs in the second joint of the pro- 
topodite of the antennae, and is a short powerful fan-shaped muscle causing motion of 
the strong gnathobase of this appendage (fig. 142). 

(M.) Other Mesodermal Elements. 

The body cavity is hounded on one hand mainly by the ectoderm of the body walls 
and appendages, and on the other by the walls of the gut. At int erv als more or less 
flattened mesodermic cells are scattered along these walls as well as on the brain, 
gland-walls, and muscles (figs. 149, 156). Others stretch across the cavity from one 
wall to the other, or from one organ to' another (figs. 149, 151, 156); these occur 
throughoutthe body, but are especially distinct in the anterior part; here.bi-, tri-, 
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or multi-polar cells lie suspended by fibres between the structures mentioned. 
Though often single, mesodermal cells are very commonly distributed in groups; one 
group is generally found in the angle between the fronto-lateral glands and the front 
wall (fig. 156). Four connective tissue bands are very conspicuous and constant in 
position in Lepas and Conchoderma; they run from the brain to the dorsal surface of 
the carapace near the front margin, as shown in all the dorsal views of these species; 
the two outer are specially prominent, and contain three or four cells about the middle 
of their length; they branch at their ends into a star-like series of fibres (st.b.). Two 
more of these stellate bodies are also found near the posterior end of the line bounding 
the lateral zone of the carapace. 

In certain regions there is a peculiar tissue ( ves.t .) which is difficult to understand; 
this consists of an excessively delicate, vesicular, transparent, and colourless tissue, 
prominent at the sides of the intestine and stomach (figs. 141, 156), and occurring 
also in the caudal spine, tail, and in front of the fronto-lateral glands. It consists of 
very thin walls, cubical, or polyhedral vesicles, only staining slightly with reagents. 
In the tail and caudal spine a small quantity of granular staining matter, with one or 
two nuclei, can be detected in association with it; elsewhere the tissue is not 
sufficiently distinct from the neighbouring tissues for examination; it is probably to 
be regarded as a vesicular connective tissue. 

The nuclei of the mesoderm cells are generally fairly large, the cells themselves not 
present in great numbers, and their boundaries tolerably distinct. , 

In the labrum there are, in Balanus, a number of cells (figs. 142, 145), into close 
connection with-which the nerve of the labrum comes; the nuclei of these appear very 
similar to those of the nervous system, but generally stain a little less deeply ; they 
occur all along the sides of the proximal lobe, and form a band extending transversely 
across its distal end. 

In the Lepads (Lepas, Conchoderma, Dichelaspis) they form a small accumulation 
of cells (figs. 15T, 159), ( Ibr.c .) embracing the diverging aims of the axial gland. 

Of cellular elements floating about in the plasma at this stage I have no observa¬ 
tions, though they occur sparingly in later stages. 

Oil globules are not unfrequently seen embedded in the outer wall of the stomach. 

(N.) The Ectodermal Thickening of the Tail, or “ Ventral Plate.” 

The ectodermal thickening of the tail (ta.lh.) baa been passed over in silence by 
most authors. Hoek (30) alone has seen and figured it (in Balanus balanoides), bu 
gave no interpretation of it. Geobben (35) has given a different figure and states 
that Hoek’s description is inexact; he describes and figures a small band of mesoderm 
cells placed on each side below an ectodermal thickening, and consisting in the 
Nauplius examined of three cells, the most posterior of which was largest. He 
supposes from this that the mesoderm of Balanus arises from two pole cells. Now it 
follows from the foregoing description of the origin of the mesoblast at an early stage 
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that this is not so, and I believe, moreover, that Grobben’s figure is much less correct 
than the one of Hoek he criticises.* I tried the method recommended by Grobben 
for small Entomostraca (Beale’s carmine), but found the maceration too great in the 
case of Cirripede Nauplii, while specimens either unstained or lightly stained with 
borax carmine gave much better results. 

The ectodermal thickening in Balanus perforatus , at Stage 1, is shown in fig. 146, 
and at a later period (Stage 2) in fig. 147. It consists at first of two plates of con¬ 
siderably-enlarged ectoderm cells which extend in a single layer from shortly behind 
the flexor muscles to the end of the tail. They are distinct in front, being separated 
clearly by a median groove, but unite together as the tail narrows behind. In 
Stage 1, the cells are relatively larger and fewer, they possess very distinct, clear, 
and large nuclei, each generally with a large nucleolus, and are arranged more or less 
in longitudinal (about four visible ventrally) and transverse rows. The anterior 
margin is nearly transverse. "Well on in Stage 2, the cells are much more numerous 
and smaller, hut still show an arrangement in longitudinal rows. In both stages the 
thickening extends obliquely upwards and forwards, but does not pass above the level 
of the intestine, so that the hands are truly ventral. The arrangement of the cells in 
longitudinal rows appears to indicate transverse division of a primitively smaller 
number of cells arranged transversely. 

In Lepas and Conchoderma, tbe thickening is of much less extent. Over the 
greater part of the tail tbe ectoderm has its usual characters, but in the anterior 
region just beneath, and closely following the extra-maxillary bands, are two oblique 
rows of thickened ectodermic cells forming the rudiments of the ectoderm and meso¬ 
derm probably of the fourth pair of appendages alone (figs. 160, 163, &c.). 

In Dichelaspis and Ghthamalus the thickening is similarly represented by a minute 
group of cells. 

The appearance of these hands in Balanus strongly reminds one of the mesoblastic 
bands, so well-known to embryologists in other types. They lie, however, as a simple 
layer of cells (figs. 1366, 139c) immediately beneath the cuticle, and pass in front 
into ordinary ectoderm cells (fig. 1396). They are rather to be compared with the 
greatly-enlarged and symmetrically-disposed cells described by Del age in the same 
region in Sacculina, and seen by myself in Peltogaster , Tbe fate of these cells will 
be traced in the second part of this work 

(O.) The Body Cavity, 

’Die body cavity at this stage is a space (6.c.), devoid of a special epithelial l i n in g 
and filled with a plasma containing feyv or no corpuscles. This is situated between 
th© body wall and the alimentary canal, and extends into the labrum, appendages, 
tai^ and caudal spine. 

' * &*•«*»*&*» Fokabte that the Nauplins examined by Gbobben was that .of Ohthcmahe utellatus 
not in whioh case the difference between hie and Souk's description is more easily 

understood. - 
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PART IV.—PHYSIOLOGY. 

The physiology of the Nauplii is practically the same for all stages, and the 
following remarks apply equally to the earlier or later stages. 

(A.) Motion. 

The movements of the Nauplius are brought about exclusively by the activity of 
the three pairs of appendages. The three pairs are all moved together in a horizontal 
direction; the bristles and hairs on the appendages are vertically arranged so as to give 
the greatest effect to this stroke. The Nauplius thus moves by a series of jerks 
which follow one another with great rapidity in the newly-hatched Nauplii, but more 
slowly afterwards, especially in the loosely-built Nauplii of the Lepads, where, in 
Stage 2, the movement is comparatively slow. In j Balanus perforatus, the Nauplius, 
after the first moult, moves at the rate of about one millimetre per second, a rate 
equal to rather more than one hundred times it own length per minute, the strokes 
being at the rate of several per second. 

The tail and caudal spine act as a rudder; when in a line with the body they 
serve to steady and straighten the course, which is often very direct. When the 
motion is to be suddenly arrested and reversed, the tail and caudal spine are sharply 
bent down at an angle by means of the flexor muscle, and the Nauplius turns a 
somersault, 

(B.) Nutrition. 

The small and chitinized mouth is situated, as has been seen, at the base of the 
labrum. 

I have no direct observations on the nature of the food taken in the natural state, 
nor do sections of the stomach show anything recognizable. 

The fact that the stomach is often green has led to the statement that the Nauplii 
feed on plants ; it appears to me possible that the green colour is simply due to the 
alteration in colour of the original yolk. 

The small size of the mouth indicates that only small bodies or substances in solu¬ 
tion can be taken up. The presence of powerful jaws on the appendages indicates 
that bodies of a resistent nature have sometimes to be masticated. The abundance of 
stiff spines and bristles on the inner side of the endopodites, their position at some 
distance behind the mouth where they would not be of much use for mastication, and 
the curvature towards the space behind the mouth, seem to suggest the function of 
holding bodies of some size. Darwin has already expressed his belief that these 
spines are adapted for grasping rather than masticating. The rich plumose character 
of the hairs on the inn er sides of the appendages, and the direction of the hairs on the 
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setose region and on the labrum, appear to indicate a function of retaining small 
particles within the sphere of attraction of the oesophagus. The oesophagus, as 
previously mentioned, undergoes continuous contraction and dilatation by means of 
the muscles with which it is furnished, and constitutes a suction-pump which causes 
an intermittent stream of water to enter the mouth. 

It seems probable that the mode of nutrition is as follows The powerful strokes 
of the three pairs of appendages sweep backwards and inwards any small organisms 
or particles entangled between the network of hairs and bristles; the oesophageal 
pump must cause a current towards the mouth, and the anal and other lateral rows of 
hairs will prevent the bodies from passing dorsally; the presence of the forwardly- 
directed hairs of most of the setose region will hinder their escape backwards. Any 
substances in solution or small particles in suspension will be thus drawn into the 
mouth, while the larger bodies or organisms held fast by the spines of the endopodites, 
and possibly paralyzed by the secretion of the axial gland of the labrum, will be torn 
up and masticated by the powerful movable gnathobases of the antennae, and the 
fragments, retained by the hairs of the labrum and setose region, sucked into the 
mouth. 

The Nauplii are apparently predaceous, and I imagine their food consists, in addition 
to the more minute microscopic organisms, of small soft-bodied or tolerably resistent 
animals, such as would occur in the pelagic waters inhabited by the Nauplii. 

That minute organic particles and substances in solution and suspension are taken 
into the body I have experimental evidence to show. 

Though the Nauplii of Bcilanus , Chthamalus, and Lepas refused to eat starch, they 
greedily took up water containing carmine, indigo-carmine, methyl-blue, litmus, <fcc. 
In the case of the first three substances considerable accumulations were formed after 
a short time in the stomach and intestine, but the greater part of the carmine was 
passed out unabsorbed. 

Litmus solution either remained blue or turned faint red in the sto ma ch and hind 
gut, this showing the presence at times of an acid digestive juice; the secretion of this 
probably takes place from the deeply-staining striated columnar cells forming the 
hind wall of the stomach. 

The faecal matter is expelled by the contractions of the pyloric portions of the 
stomach and of the intestine. 

n> As other Nauplii there were no special organs of circulation, the movements of 
til©' oesophagus and gut serving, no doubt, to fulfil this function, as -well as that of 
respiration* 

(0.) Secretion. 

- ^ addition to the glandular epithelium of the stomaoh the only important 
secreting cells are the unicellular glands opening on the carapace and labrum, vis., 
thelfeffiltedatetal gland, the lateral gland, and the axial gland of the labrum. It is 
onlynafte8;tfa*i*«: moult that the fronto-lateral, arid probably the other glands open 
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to the exterior, though they are fully developed and contain abundance of the 
secreted globules while the Nauplius is still within the egg membrane. The 
secretion of the fronto-lateral and lateral glands consists of transparent globules 
provided with a resistent pellicle, and which, though closely pressed against one 
another into polyhedral bodies within the cavity of the gland do not fuse ; they are 
not dissolved by water, alcohol, weak acids or alkalies; they show no acid or alkaline 
reaction, and take up no colouring matter. The membrane of the gland itself and 
of the globules is possibly of a chitinous nature, since the sacs containing the glands, 
and presumably secreted by the glands themselves at an early stage, consist of a 
refractive membrane, while the lumen of the fronto-lateral horns is often partially 
interrupted by septa of apparently similar nature and formed by the adhesion of the 
membrane of the globules to the walls of the horns (see p. 174). The chitim, however, 
must be of a delicate nature, for while resembling the cuticular covering of the whole 
body in being soluble in warm acid (HNO s ), it also dissolves in hot caustic potash, 
which the ordinary cuticle resists. 

It is worthy of note that the period of secretion of all three glands is almost 
coincident with that of the free life of the larva, the secretion passing to the exterior 
after the first moult, i.e., shortly after hatching, and ceasing when the Cypris-stage 
becomes fixed, hut occasionally while free. It is possible that no new secretion is 
formed during the Cypris stage, and that the glandular material present is simply a 
relic of that produced during the earlier stages. The period of secretion would then 
be that during which the larva feeds, for, as is well known, the Cypris form does not 
feed. 

The presence of sharp points at the ends of the fronto-lateral horns in the earlier 
stages, and of a strong spine projecting from the horn during the later stages seems, 
as Claus and Hoek have already pointed out, to indicate that they may be piercing 
organs provided with poison glands. It is to be observed that the area covered by 
the horns is that included by the sweep of the appendages, and that any organism 
paralyzed by the secretion would tend to be swept towards the region of the mouth. 

The lateral gland and the other glands of the carapace of later stages appear from 
their position more adapted for protection than for securing prey. 

The position of the gland on the labrum and the presence of a perforated tooth for 
the passage of its secretion, taken in conjunction with the supposed free motion of 
the distal lobe of the labrum, indicate that it may be used to pierce and paralyze 
organisms held by the stiff spines on the endopodites of the antennae and mandibles 
in the way supposed in the preceding section. 

(D.) Excretion. 

With the object of determining whether any portions of the body were specialized 
.for secretion, the Nauplii of Balanus perforatas were fed with powdered carmine, 
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indigo-carmine, Bismark brown, and methyl-blue in sea-water. All these substances 
were readily taken up, but, though the carmine and indigo-carmine formed large 
accumulations in the stomach and intestine, none appeared elsewhere; nor is it 
probable that the alimentary canal has an excretory function in the way found by 
Claus for Copepods (58), as colouring matter did not occur in any of the cells of 
the digestive tube. The Bismark brown on the other hand appeared to be digested 
and excreted again all over the body, so that ectoderm, muscles, and nerve cells, etc., 
appear to have a certain excretory power. With methyl-blue more definite results 
were obtained: the colouring matter is excreted in the ectoderm as small blue 
granules which give a blue tint to the whole dorsal surface, the carapace especially, 
of the Nauplius; the excreted granules also extend into the base of the first and 
second pair of appendages, and are especially numerous in the epithelium of the 
labrum; they are also abundant, in th'e mesodermal cells covering the stomach and 
scattered about on the muscles. They generally ocour in circular patches (figs. 148, 
148ct), corresponding with the protoplasmic accumulations. In order to make 
certain that the particles were not taken up by the ectoderm, Nauplii which had fed 
on the colouring matter, and had a considerable accumulation in the stomach, but 
none in the ectoderm, were isolated and placed in fresh sea-water; after a lapse of 
some time the methyl-blue was seen to be excreted precisely as before. 

It would thus appear that the lining of the body cavity has a special excretory 
function, more particularly in certain regions. 

The Nauplii of Lepas anatifei'a and Chthamalus stellatus excreted methyl-blue in 
the same manner. 

No excreted particles were found in the fronto-lateral or lateral glands, or in the 
axial glands of the labrum. 

' (E.) Perception. 

The frontal filaments from their intimate connection with the brain are no doubt 
sensory organs. Their position and ventral direction would render them well adapted 
to test the chemical nature of the substances with which they came into, contact 
before reaching the month, and the term “ olfactory filaments ” applied to them first 
by Fritz Muller is, no doubt, suitable. 

The perception of light by the Nauplii of most Cirripedes examined is very 
marked, but whether this takes place over the general surface as in some animals (78), 
or is limited to the Nauplius eye or some other spot there is no evidence to show. 

(F.) Eppect op Stimuli. 

The reaction to light is usually very marked and has been already treated of at 
length by Br,LoEB and myself. It will be sufficient to state here that during motion 
the Sw^kivStdonui perforates commonly tend to place their longer axis parallel* 
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to the rays of light; that light of sufficient intensity and duration ordinarily causes 
them to turn the oral pole away from the light, while weaker light has after a 
time the contrary effect. For fuller details as to the action of the rays of different 
refrangibility, and of sudden increments or diminutions in the intensity of light, I 
must refer the reader to the original communication. We have there shown that 
the effect of this must be to produce the daily, and possibly also the annual, migra¬ 
tions to and from the surface, such as have been found to take place in the Nauplii 
of Lespas fascicularis (28) and many other pelagic forms. 

The wide prevalence of this effect of light on animals (and even on plants)* as 
shown by the movements of such pelagic forms (whether fresh water or marine), 
hemi-pelagic forms, and larvae which are not pelagic forms, which are so different that 
we must suppose the effect to have arisen independently in the different groups, 
appears to indicate the great physiological importance of the periodic movement. 
Whether this is to regulate the amount of intensity of light received, or has some 
other object is not clear. 

The immediate effect of an increase of heat above the normal winter temperature 
appeared to be at first a great increase in the activity of movement, but after a certain 
temperature was reached the Nauplii became less active, and if the temperature was 
not then lowered died ; if the heat was again diminished an increase of activity took 
place. The maximum, optimum, and minimum temperatures for the activity of the 
Nauplii were not determined. 

(G.) Effect of Gravity. 

Gravity has apparently a definite effect on the Nauplii of Balanvs perforatus (and 
possibly on those of other species, but these were not examined in this respect). If 
they are very closely examined with a lens or low power of the microscope it is seen 
that the Nauplii generally move along with their ventral surface upwards; this is 
specially clear in the case of the larger and older Nauplii, but in consequence of their 
small size and rapid motion is difficult to make certain of in the younger. The circum¬ 
stance has apparently no relation with the surface of the water or with the bottom of 
the vessel, as it occurs in whatever part of the vessel the larvae are. 


PART V.—GENERAL CONSIDERATIONS. 

(A.) Segmentation of the Ovum. 

The segmentation of the ovum has been described by the best observers as total, 
followed by epiboly. The migration of the protoplasm to one pole does not, however, 
as has been generally supposed, represent simply a division into epiblast and 
hypoblast; since the supposed representative of the latter (the yolk) is at first 
devoid of a special nucleus, and furnishes, moreover, at a slightly later period material 

2 c 2 



196 MR. T. T. GROOM ON THE EARLY DEVELOPMENT OF CIRRTPEDTA. 


for tlie production of new epiblast cells. The process is probably simply the formation 
of a telolecithal egg. 



a...a. Diagrams illustrating the mode of segmentation of the Cirripede ovum, the formation of the 


blastoderm, and of the three germinal layers. The protoplasm is left white; the yolk is granular, with 
oil-drops. I, II, and III, the three first blastomeres, formed directly from the yolk; pv. 1 , first polar 
body; ym. a , second ditto. (The stellate figures at the ends of the directive spindles in figs, a and b 
were inserted throngh inadvertence.) 

Tn a, the formation of the first polar body is shown; in b\ that of the second, from the contractile ovum 
now withdrawn from the newly-formed vitelline membrane; in c, the protoplasm is collecting at one 
end, and the segmentation-nucleus is becoming conspicuous; in d, the segmentation-nucleus is 
preparing to divide; in e, the protoplasm is collected at the anterior end, and the nucleus is dividing; 
in/, the first blastomere has been cut off from the yolk; in g (lateral view), the seoond blastomere 
is forming; in h, the nucleus is dividing to form a third blastomere; in /' (side view) and/" (front 
view), the second blastomere is cut off from the yolk, and the first has divided transversely; in k 
(front view), the second is likewise dividing transversely, and the nucleus of the third giving rise to 
a new one; in Z, II has completely divided, and IU is out off from the yolk; in m, the blastoderm now 
covers a good part of the yolk, a new blastomere is forming, and the nnclens is dividing, one daughter- 
nucleus being in the yolk; in n> the blastopore is being closed by the emergence of a merocyte; in o, 
ibis is dividing to form the last blastodermic cell, and complete the epiblast; in j p, the blastoderm is 

T*he Segmentation is diagrammatically represented by the woodcuts fig. 3, a, b, c, 
&e* Bigs. 0 &n& d show the concentration of the protoplasm at the anterior end. As 
the first blastomere becomes cut off from the yolk the nucleus divides (&, f) and one 
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daughter-nucleus passes into the yolk half, and soon emerges (g) accompanied by 
protoplasm to form a second blastomere and generally situated close to the first. As 


Fig. 3—(continued). 



completed, and the nucleus left in the yolk has divided in two, and with it the whole yolk; in the 
two yolk-cells thus formed have cut off two mesoblastic cells at their hinder ends; in r, these latter 
have divided, and two new mesoblastic cells have been cat off from the yolk-cells; in s, the germinal 
layers are complete, the mesoblaet occupies the hinder end, and the two yolk-eells, with their posterior 
nucleated protoplasmic masses the anterior end ; the epiblast covers the whole, (m ... a are side 
views.) 

this becomes cut off from the yolk it gives off (h) into the yolk a nucleus, which, 
behaving (j, Jc , l) similarly to the daughter-nucleus of the germinal vesicle, forms 
new protoplasm and emerges as a third blastomere. At each successive stage the 
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yolk is in communication with one merocyte or newly-forming blastomere, and this, 
before becoming shut off as a blastomere, gives off a'single nucleus into the yolk. 

The yolk may be, it will be seen, regarded as a single cell with abundant nutritive 
material (and at times very little protoplasm), the nucleus of which by its division 
and creation of new protoplasm from the yolk granules forms new cells at its surface, 
and moves about from place to place in order to invest the yolk with a covering of 
blastomeres: the position of the nucleus (or its spindle) always more or less peri¬ 
pheral, and the idea of a central nucleus giving off nuclei radially, would not quite 
meet the case. 

The mode in which the blastoderm grows round the yolk agrees essentially with 
the process of epiboly as defined by Lang (79). The definite endoderm is not formed 
till late, but the yolk may be regarded as a generating cell giving off in succession 
epiblastic cells which themselves divide up and tend to complete the epiblastic 
investment. - 

The circumstance that the yolk thus represents a single cell will exclude, I think, 
the view suggested by Korschelt and Heider ( 81 ) that the Cirripede ovum 
segments superficially during the later phases of cleavage. 

This process may rather be compared to that taking place in the case of Bonellia , 
the four macromeres of this type being represented by a single one in the case of 
Cirripedes. 

It is worthy of note that the yolk never appears to be cut off from all communica¬ 
tion with the protoplasm in the way stated by some observers in the case of certain 
other Crustacea; one of the peripheral micromeres, or one of the merocytes derived 
from the latter, is always in communication with it, and it is, therefore, not to be 
regarded as extra-cellular. Nor is it to be regarded as belonging, from the first, 
solely to the hypoblast, for until the closure of the blastopore epiblastic cells are 
formed at its expense, and afterwards for a time also the mesoblast. 

The effect of the nucleus in the transformation of yolk material into protoplasm is 
very marked in the Cirripede ovum. The yolk itself, throughout the main portion of 
its mass, contains very little protoplasm. All stages can he traced between a con¬ 
dition in which a nucleus, only recognizable by a slight stellate arrangement of the 
smaller granules with which it is surrounded, occurs near the micromere or emerging 
merocyte from which it has apparently been given off, to a well-formed micromere 
with abundant protoplasm. The radial arrangement becomes more definite by the 
continued transformation of the large yolk granules and oil globules into granular 
protoplasm, the granules of which become more and more distinctly arranged in 
radial rows; the area of transformation gradually extends, and eventually a con¬ 
siderable section of yolk is bodily transformed into protoplasm. When once this is 
SsS^jikiS' very evident how all the primitive micromeres have arisen in this manner. 
The nucleus, accompanied as it is in most cases by little or no protoplasm as it passes 
into the , yolk, evidently possesses this transforming power. 
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In describing the details of division of the cells of the blastoderm and yolk- 
endoderm much variation has been shown to occur, so much indeed that the process 
may be termed irregular. Such differences show well the morphological insignificance 
of the details of cell division in the present case, for the Hauplii vary proportionately 
much less ; every one of the numerous, simple, or compound bristles or spines of the 
Nauplius has its definite character and position, which are maintained with surprising 
constancy throughout, although they must have been produced by epiblast cells 
having very different modes of origin and arrangement. 

(B.) Differentiation of the Germinal Layers. 

With respect to the origin of the mesoblast and hypoblast of the Nauplius, the 
Cirripedes occupy an isolated position among Crustacea. 

They differ from Cetochilus (35) among Copepods, Moina (65) among Phyllopods, 
and from Astacus (73), and most other Decapods, as well as from Ligia among Isopods 
(81), in the fact that the hypoblast and mesoblast do not arise as multicellular areas 
forming a specially differentiated and separate portion of the blastoderm, but from a 
common source, the single yolk cell, the nucleus of which is derived from the last, 
or possibly, in rare cases, from one of the last formed cells completing the blastoderm 
and filling the blastopore. 

The mode in which the mesoblast and hypoblast are differentiated, presents most 
resemblance among Decapods to that found in Palwmon and Eriphia, where the 
mesoblast arises from the invaginated portion of the blastoderm, which also forms the 
mid-gut (and hind-gut). In Oniscus and Cumci, too, a simple blastodermic proliferation 
gives rise to both mesoblast and hypoblast, and the same appears to be true of 
Daphnia (81). The case of Cyclops may also be mentioned in this connection. Here 
the endoderm is stated to be derived by invagination (64), or from a single cell (67), 
which also possibly gives rise to the mesoderm; the mesenchyme cells, however, 
which give rise to the muscles of the Nauplius, are stated by Urbanowtoz to 
be derived from the ectoderm. The process in these cases may be regarded as 
representing an invagination of the meso-hypoblast, and that seen in Gimpedes 
may be looked upon as the same process reduced to its simplest expression, viz., 
a single cell (the uni-nucleated yolk) representing the common origin of both 
mesoderm and endoderm. 

This cell divides immediately into a more dorsally and a more ventrally situated 
cell; from the hinder end of each of these cells uni-nucleated segments are cut off to form 
the mesoblast. When this process is completed, the yolk still consists of two cells; 
these represent the whole of the endoderm ; behind this is a plug of mesoblast cells. 
The hypoblast then, at the time of its differentiation from the mesoblast, consists of 
two cells, while the mesoblast is multicellular. 

The two protoplasmic bodies of the yolk-endoderm cells may be compared with the 
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amoeboid cells at first bounding the archenteron in Palawan , and probably with the 
cells with processes radiating into the yolk, and situated at the end of the invagmated 
portion of the blastoderm in Eupagurus. 

The mode of origin of the mesoblast clearly shows that no paired pole-cells 
(teloblasts) such as have been supposed by Grobben to give rise to the mesoblast in 
Balanus and Peltogaster (35), are present. 

No reproductive cells, such as are described in Moina and Cetochilus , can be 
recognized at an early period in Cirripedes. 

In the' circumstance that the blastopore closes completely, Cirripedes agree with 
Moina, Cetochilus, and Cyclops; it differs, however, possibly in position from that 
of Moina , where it is supposed, by Grobben, to close on the site of the future mouth. 
It resembles that of the majority of Crustacea in showing no extension in the direction 
of the mouth. 

(C.) Formation op the Alimentary Canal. 

The yolk-endoderm gives rise to the stomach (with its glands) alone of the Nauplius 
and adult Cirripede. As the mesoblast develops into muscles and connective tissue, 
the central part of the yolk is absorbed, the nucleus retiring to the periphery ; in this 
way the hollow mesenteron is formed, the walls of which are finally composed of a 
number of clear nucleated endoderm cells devoid of yolk, each formed by the centrifugal 
contraction of a yolk-pyramid. The yolk-pyramids are essentially similar in structure, 
relations, and Me to the secondary yolk-pyramids of Astacus (Eeicjhenbach’s 
“Secundare Dotterpyramiden ”), and are evidently the equivalents of the latter. 

(D.) Origin oe the Natjplius Appendages. 

A striking feature of the mode of origin of the Nauplius appendages is that they 
appear first on the dorsal side of the embryo. It is only, however, the free ends 
which are thus seen, the main part of the appendage being applied to the sides of the 
body, and the origin, as usual among appendiculate animals, ventral. 

In Cirripede groups other than Thoracica a similar mode of origin occurs: Van 
Beneden (58) bas already described the same thing in Sacculina , and I have observed 
it myself in Peltogaster. A similar disposition of the Nauplius appendages in Laura 
has caused L acaze- D uthters (38) to state that the appendages are attached on the 
dorsal side, a peculiarity he specially emphasizes. The attachment is, I believe, 
ventral as usual, but the free ends are dorsally directed, the position of the embryo 
having been inverted by this observer. ' 

, ft probable that the same feet obtains in the Nauplii of all the other 

groups. .• • 

In-the Phyllopods the figures of Grobben make this clear, and he states, for Moina, 

‘ Sowuhl & heiden Antennen als die Mandibel wachsen von intien nach aussen.” v 
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In Cetochilus the same author failed to follow the origin of the appendages, but 
says, “ Nachdem sich die auf die Dorsalseite zurtickgelegten Extremitaten deutlicher 
entwickelt haben. ...” 

. In Anchorella, Lernceopoda, and Brachiella , Van Beneden ( 60 ) states that the 
Nauplius appendages develop from within outwards. 

The same is apparently true of Tracheliastes polycopus (63) and Argulus foliaceus 
(62), as well as Nebalia, (68). 

In Mysis fermginea, Van Beneden (70) figures and describes a similar disposition 
of the Nauplius appendages. 

In Decapoda, Amphipoda, and Isopoda, where the Nauplius stage is represented 
but concealed, the Nauplius appendages likewise grow dorsally, as follows from the 
descriptions or figures of Beichenbach (73), Faxon (72), Kingsley (74), and others, 
for the Decapoda ( Astacus , Paloemonetes , Crangon) s and from the figures of Eathke 
(75) for Isopoda and Amphipoda ( Bopyrus , Amphithoe), and of Yan Beneden for 
Asellus ( 76 ). 

This mode of development holds good, therefore, in all probability, for the Nauplius 
or Nauphus-stage of Phyllopoda, Cirripedia, Copepoda, Leptostraca, Schizopoda, 
Decapoda, and Thoracostraca (Amphipoda, Isopoda). 

As early as 1869, Yan Beneden indeed drew attention to the generality in the 
difference in the mode of development of the Nauplius appendages and the later ones, 
and, speaking of Asellus , says, “Ses organes se ddveloppent rapidement, et s’allongent 
en se portant en arribre et en dehors. II parait en 6tre de m&me chez tous les 
Crustacea. Partout les antennes et les mandibules semblent se ddvelopper de dedans 
en dehors, et, par kb, les trois premieres paires d’appendices se distinguent de tous les 
autres, qui se ddveloppent, au contraire, de debors en dedans, en se rapprochant de la 
ligne mddiane.” 

This law, however, has been generally overlooked, not only in Cirripedes, but also 
in Copepods; and it appears almost certain that in the latter group, as well as in 
the former, the surface of the embryo, on which the median longitudinal and trans¬ 
verse furrows appear, and which has been described as ventral, is in reality dorsal. 

The dorsal position of the mesoderm plate is evidently in relation with the dorsal 
position of the appendages, for a considerable part of the mesoderm goes to form the 
latter. Urbanowicz (67) describes a similar accumulation of his " mesenchyme” 
cells on the dorsal side in Cyclops } and states that they form the muscles of the 
appendages. 

(E.) Body Cavity.* 

Inasmuch as the body cavity arises partly owing to the more rapid growth of the 
ectoderm and the endoderm, and consequent separation of these layers, it might be 

♦ This term is used in a purely descriptive sense, to denote generally the space included ■within the 
body walls* 
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termed a blastoccele; but since mesoderm cells exist between the two layers, and 
upon separation of these remained, some associated with the ectoderm, some with the 
endoderm, and some spanning the space intervening between the two, it may be said 
with equal truth to be a schizocoele, and regarded as arising by a failure of the meso¬ 
derm to keep pace with the growth of the layer bounding it, and its consequent 
splitting or excavation by the formation of vacuoles, If no mesoderm were present at 
the stage when the cavity arose, it could be termed a blastoccele j if a complete meso- 
dermic layer were present and split into somatic and splanchnic layers, it would be 
termed a schizoccele; but since this layer is not complete, and a true split does not 
occur, the body cavity may be said to be in part a schizocoele and in part a 
blastoccele. 

The mesoderm of the Nauplius shows no trace of an arrangement into somites, 
and the body cavity is continuous from one end of the body to the other ; the meso¬ 
derm thus resembles in its deportment that of the cephalic extremity in Astacus. 

(F.) Nervous System. 

The nervous system arises, probably, mainly or altogether as an epiblastic thicken¬ 
ing, and at Stage 2 retains everywhere its primitive connection with the ectoderm; 
it has ganglion cells along its whole extent. 

In other respects the nervous system shows much specialization. It is sharply 
marked off from the rest of the ectoderm, and is distinctly divided into ganglia HDd 
connectives. The commissures are practically absent, and so far from showing 
ganglia corresponding to the metameres indicated by the appendages, the nervous 
system is considerably complicated, even at this early period. It shows, however, 
an anterior portion, which is in close connection with the frontal filaments and 
Nauplius eye, and may be regarded as corresponding to the archi-cerebrum of 
Lankester. 

In Balanids two accessory and a central lobe of unknown sig nifi cance are present, 
as well as short thick nerves passing to the labrum. 

The two accumulations of ganglion cells situated just at the commencement of 
the circum-cesophageal connectives, and coming into close relation with the anten- 
nules, probably correspond to the ganglia of the first post-oral somite, and inasmuch 
as these cells belong to the brain, the latter may be said to be a syn-cerebrum from 
the first, though its component elements, the archi-cerebrum and ganglia of the 
antennules, may still be recognized. 

The gangfion cells on the circum-oesophageal connectives which come into close 
relation with the origin of the antennae probably represent the ganglia of the second 
ppsfKS'al somite,^ while the large suh'oesophageal ganglion represents the fused 
ganglia of the mandibles* 
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(G.) Morphology op the Appendages. 

Comparing the three pairs of appendages, the antennae and mandibles are seen to 
be very similar in structure. Each consists of a two-jointed protopodite bearing 
inwardly directed plumose spines; the endopodite has a series of stiff bristles or 
spines forming a series continuous with those of the protopodite; the bristles are 
given off generally in pairs, while the distal end of each joint of the much more 
jointed exopodite gives off a single bristle. 

The single ramus of the antennules resembles the protopodite and endopodite 
together more closely than it would the protopodite and exopodite, the joints being 
few and the bristles given off singly, or in groups of two or four; one bristle is 
given off from the middle of the third joint like the two or three on the first joint 
of the endopodite of the antennse and mandibles. 

It is therefore probable that the appendages are serially homologous, and that it is 
the exopodite of the antennules which is absent. 

That the antennules are not of a different nature to the two remaining pail's of 
appendages is also indicated by the similar and peculiar origin of all three. 

I believe, therefore, that all the appendages are of the same kind, and may 
represent, as Lankester contends, for Crustacea generally (66) primitively post-oral 
appendages. 

It is important to remark that the first two pairs of appendages are, however, 
never ontogenetically post-oral, the antennules being from the first in front of the 
mouth, and the antennse at its sides; this, however, together with the pre-oral 
innervation, may be one of the many signs of early specialization visible in the 
Nauplius, such as have led to the view that the Nauplius is a trochosphere with 
precocious Crustacean characters (79). 

(H.) Comparison of the Natjplii op the Different Species. 

(a.) Points of Agreement. 

In the general description it has already been seen how closely the Nauplii of all 
Thoracic Cirripedia resemble each other. Of these points of agreement we may 
distinguish— 

(i) Characters shared by all the Nauplii. 

(ii) Special characters of the Cirripede Nauplius. 

Though until the Nanplii of the various sub-divisions of Crustacea have been 
properly examined it will be impossible to assign all the characters to one or other of 
these divisions, the striking features of the Nauplius are well known, and need not 
be repeated here. 

Among the peculiar features of the Cirripede Nauplius the following are the most 
important:— 

2 d 2 
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1. The shape of the carapace with its fronto-lateral horns and caudal spine. 

2. The presence and structure of the fronto-lateral glands. 

3. The size, shape, and structure of the labrum. 

4. The structure of the axial gland of the labrum. 

5. The character of the setose region. 

6. The structure of the appendages. 

7. The size and form of the tail (thorax-abdomen). 

The agreement of the Nauplii of genera so distinct as Lepas and Balanus , as well 
as of Nauplii more or less intermediate between these types, such as Chthamalus, in 
these particulars is highly remarkable and significant. The perfect similarity which 
obtains in all the species I have examined in the number, disposition, and minute 
character of the very numerous bristles and other processes on the appendages of 
Nauplii of the second stage—a similarity which cannot be supposed to be merely 
analogical—demonstrates that the character of the appendages is a primitive one, 
actually possessed by the common ancestor of the Thoracica at some stage in its 
life history. 

The majority of the characters common to all the Nauplii being shown in this way 
to be ancestral, it becomes necessary to determine whether the Nauplius of the 
Thoracica represents in any sense their ancestor, the former adult characters being 
supposed to have been precociously acquired by the larva, or whether the.features in 
question belonged to a Nauplius possessed by the ancestor. 

Now the structure of the adult Lepas and Balanus is so obviously similar that we 
can only suppose the two to have diverged -from a similar' ancestor. The ancestral 
adult did not therefore possess the peculiar features of the Nauplius. 

The correspondence between the two forms at other stages is so close that we can 
only suppose the essential features of each stage to be ancestral; thus the segmenta¬ 
tion of the ovum, the peculiar mode of formation of the embryo—so similar (as I have 
shown) in all the species—must have been shared by the ancestor of the group. Of 
the Cypris stage Darwin says (10): “ In the, pupse of all these genera (Lepas, Con - 
chodema, Bichelaspis , Ibla, Alcippe, and Balanus) there is a most close general 
agreement in structure, excepting in minute detail. I was surprised to find exactly 
the same slight differences in the spines on the first pair of natatory legs, as compared 
with the succeeding pairs, in Balanus hameri as in Lepas.” 

We cannot escape from the conclusion that the very similar development in Lepas 
and Balanus (which I hope to illustrate in a further communication)' 3 * corresponds 
stage for stage with that of the ancestor of the Thoracica, or in other words, that the 

* Xmay state that before reaching the Oypria stage JBalamm p&rforatm undergoes five moults; Zepas 
fasemthvns probably undergoes fee same number, though owing, apparently, to inadvertence fee number 
. y 1 WtEj.WiOBS»SirHM (28) itt one place to be seven. The six NaupliuB stages correspond, probably, 

i °f the first two stages- in Babmis,- OhtJumalus, Conafoderma, and Zepas in 
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latter underwent a metamorphosis perfectly similar to that of the present members of 
the group. . . 

It will not be difficult to test this conclusion, for a careful study of the affinities 
of the Thoracic Cirripedes indicates that the Balanids, on the one hand, have probably 
diverged from PoUicipes , and the majority of the Lepads, on the other, from Scalpellum; 
these two genera are connected, as Darwin and Hoek have shown, by intermediate 
forms. The ancestor of the whole group has therefore been preserved probably in a 
very slightly altered form, and it will be possible to study its development in 
detail. As far as an approach has been made to this, the results confirm the above 
conclusions ; Scalpellum apparently, from the descriptions of Hesse (12, 25), passes 
through a metamorphosis similar to that of Balanus and Lepas , and the segmentation 
of the ovum, as figured by Lang in Scalpellum , and Nussbaum in PoUicipes , does not 
differ from that of the other Thoracica, while the larva in the latter genus is a typical 
Thoracic Nauplius. 

The permanence of such minute characters as the arrangement of the bristles on 
the appendages for the vast time represented by the Tertiary, Cretaceous, and prob¬ 
ably, at least, part of the Jurassic periods, is highly remarkable, and well shows the 
slow rate of evolution which may take place in so highly specialized a group. 

(/3.) Larval Differences . 

In spite of the great agreement of the different Nauplii in many points, there are 
nevertheless well-marked differences by which the Nauplii of all the genera examined, 
and often of the species, can be readily determined. 

These points of difference relate to— 

1. Size. 

2. Shape of the carapace. 

8. Length of the fronto-lateral horns. 

4. Length and character of the caudal spine. 

5. Shape and size of the labrum. 

6. Form of the axial gland of the labrum. 

7. Character of the setose region. 

8. Slight modifications in the structure of the appendages, and in the relative 

proportions of their parts. 

9. Length and character of the tail, 

10. Extent of “ ventral plate.” 

11. Structure of the nervous system. 

12. Presence or absence of lateral glands. 

13. Presence or absence of certain connective tissue elements. 

14. Physiological properties—Heliotropism—Rapidity of motion. 
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In the following Tables a classification of the Nauplii according to their resem¬ 
blances, and perfectly independent of conclusions drawn from the adult, is given. 


(y.) Glassification of Cimpede Nauplii of Stage 2. 

Lepas, Conchoderma, and Dichelaspis (Lepadidse). 

i. Nauplii long (0*6 to 0‘8 millim.), slender and transparent; movements 

slow (at least in the first two genera). 

ii. Caudal spine long and covered with secondary spinelets. 

iii. Labram long; proximal lobe ovate, distal relatively large and pentagonal; 

axial gland well developed in both divisions of labrum. 

iv. Tail long, with secondary spinelets ; ectodermal thickening represented by 

two small groups of cells. 

v. Brain two-lobed (accessory lobes absent). 
vL Lateral glands absent. 

vii. All the bands of the setose region present (Dichelaspis ?). 


(A.) Lepas and Gondhoderma. 


(«.) Carapace large, shield-shaped. 

(£.) Pronto-lateral horns long and Blender. 

( 7 .) Distal lobe of labram broad, -with, one 
large median and two lateral teeth; 
axial gland narrow distally. 

(a.) Maxillary band of setose region well 
developed. 


(«r.) Ova blue, relatively broad. 

Lepas. Omchoderma. 

Tail simple. Tail bifid. 

L.fasdctilaris, length 0*6mm. 

L.pectimta „ 0*7 „ 

L. anatifera „ 0*8 „ 


(B.) Dichelaspis. 


(a.) Carapace narrow, triangnlar. 

(/3.) Pronto-lateral horns of moderate 
length. 

( 7 .) Distal lobe of labrum narrow, with 
one large median tooth; axial 
gland dilated distally. 

(5.) Setose region ? 


(«.) Ova vermilion-red, narrow (D. Dor- 
tovnii '). 


Balanus and Ohthamcdus (Balanidse). 

i Nauplii of moderate length (0*23 to 0*46 millim.); movements rapid. 
iL Caudal spine of moderate length, with very short secondary spines; iron to- 
lateral horns short or of very moderate length. 
iiL Labrum shorter and broader than in Lepadidse; proximal lobe broad; distal 
lobe relatively small and rounded; axial gland developed almost exclu¬ 
sively in the distal portion (Chthamalm f). 
iv. Tail Bhort. 



MB. T. T. GROOM ON THE EARLY DEVELOPMENT OP OIRRIPEDIA. 207 


v. Brain complex (accessoiy lobes present). 

vi. Lateral glands present. 

vii. Maxillary band of setose region as yet absent. 


(A.) Balanus (Bulanin©). 


(B.) Ohthamalus (Chthamalin©). 


(a.) Carapace shield-shaped, with two small lateral 
teeth. 

(/S.) Tail and caudal spine with minute teeth; ecto¬ 
dermal thickening of tail a considerable plate 
on each side. 

( 7 .) Proximal lobe of labmm with two small lateral 
lobes; distal lobes small, with two lateral 
teeth. 

(3.) Pre-maxillary bands slight; anterior band com¬ 
plex; extra-maxillary arc slight. 


(a.) Carapace almost circular. 

(/9.) Tail and caudal spine with strongish. 
spinelets, especially at sides of base 
of latter; ectodermal thickening 
of tail a few cells on each Bide. 

( 7 .) Proximal lohe of labrum simple; 
distal with two lateral, several 
centra], and smaller teeth. 

(S.) Pre-maxillary hands strong and 
united together; anterior band and 
post-oral group ?; extra-maxillary 
arc distinct. 


(c.) Ova brown; yolk grannies large; oil globules (c.) Ova orange coloured, narrow; yolk 
small. granules small; oil globules large. 

B. perforate. B. improvims. B. halanoides. 

Length 0*46 mm. Length 027 mm. Length 0-45 mm. 

Horns mode- Horns mode- Homs short. 

rately short. rately short. 

Tail rather short. Tail rather short. Tail Bhort. 

Caudal spine ra- Caudal spine ra- Caudal spine 
ther short. ther short. longish. 


These tables illustrate the differences which may obtain among the larvae of allied 
animals. 

We see that, among Cirripedes, the larvae and embryos of all the genera differ not 
inconsiderably. The embryos of Lepas, Conchodeima , or Balanus can be distinguished 
at any stage by one or more features, and the Nauplii much more readily. The 
species, or even in some cases the genera are not so readily recognized, for though, in 
Lepas anatifera and L. pectinata } the ova and embryos can with care he distinguished 
by the size and shape, yet the same stages of Conchoderma virgata and Lepas anati¬ 
fera can hardly be distinguished at any stage, and even the bfauplii can only he 
separated by the slight fork in the tail of the former. 

The differences between the species go hack as far as the new laid ovum, as may he 
seen from the sections on the size, shape, colour, and constitution of the ova. Thus 
the narrow orange-coloured ova of Ohthamalus with their large oil drops may be 
distinguished from the broader yellowish ones of Balanus with their more numerous 
but smaller oil globules, and from the smaller vermilion eggs of Dichelaspis, and from 
the broader blue ova of Lepas and Conchodwma. The ova of Lepas pectinata are 
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narrower than those of L. cmatifem and Conchoderma virgata. In the genus 
Balanus the ova of the three species B. improvisus, B. perforatus, and B. balanoides 
differ much in size, the first-mentioned having the smallest and the last the largest 
ova, measurements of which have been given. Sections of Lepas and Balanus, and 
probably of Chthamalus, at any stage of embryonic development can be distinguished 
by the characters of the yolk. It must be stated, however, that the specific and even 
generic differences ( cf. Lepas anatifera and Conchoderma mrgata) may not be 
recognized in single specimens, and that it may be necessary to compare a number 
of cases in order to eliminate the effect of variation. 

The Nauplii at the second stage can be readily classified and might, in most cases, 
be used for the formation of families, genera, and species. The differences certainly 
are not very great, but seem to be as important relatively to the Nauplii as the 
generic differences are to the adult. 

It is instructive to observe that the classification of the genera as deduced from the 
developmental stages agrees perfectly with that arrived at from the relations of the 
adult: the differences between the Nauplii of the different genera are approximately 
proportional to those between the corresponding adults; thus the two genera most 
widely remote from one another, Lepas and Balanus, also show the greatest differ¬ 
ences in their Nauplii. The Chthamalinse are those members of the Balanidse which 
approach the Lepadidae most closely, and their Nauplii show similar affinities. Lepas 
and Conchoderma are perhaps, in some respects, the highest members of the 
Lepadidse, and their Nauplii show, in some respects, more special features than those 
of Dichelaspis, which branched off from the main .stem at an earlier period. The two 
former genera so closely allied in the internal organization have likewise Nauplii so 
much alike as to be almost indistinguishable. 


(8.) Larval Evolution. 

The phylogeny of the Cirripedes, as deduced from the adult anatomy, may be 
represented as follows :— 

Balcunus. 

Conchoderma, / 

BALANJJwE (Dutu/J 


Lepas. 


Dichelaspis. 

*t 



'(Claus) 


OHTHAMALINAE (Dcvrm) 
• Ch$UV?nctiU3. 


POhi^CJPE DIDA&toLcms) 

Scctfpellum>^ ^/^PolUctpes. 


Mfc* ' WeU ^ aobeme ' they hare undergone an evolution 
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parallel to and simultaneous with that of the adults, and the results obtained in each 
case are nearly proportional. 

It is a point of some interest to inquire whether the new characters assumed by 
the larvae have been acquired independently, or are due to a precocious appearance of 
features properly belonging to the adult, in the way indicated by Fritz Muller ( 16) 
and Weismann (79), or whether both processes have taken place. 

Glancing down the list of larval differeuces given on pp. 205-7, it is evident that 
though some of the characteristic differences may possibly be due to precocious 
acquirement by the young Nauplius of the forms in question of characters originally 
common to older larvae at an earlier phylogenetic stage, such as the early acquire¬ 
ment of glands (the lateral glands) in Balanids possibly properly belonging to the 
Archizosea stage in Lepads, yet few of the characters can be conceived as transferred 
back from even a young sessile form; most of the differences affect structures 
peculiar to the Nauplius, and lost by the adult. 

It is thus evident that the variation in the Nauplii (the same may be said of the 
ova and embryos), though always accompanying adult variation, has taken place in a 
perfectly distinct direction. Differences in the length of the horns, in the length 
and armature of the caudal spine, in the character of the setose region, or in the 
presence or absence of the lateral glands must have been produced in this way. 

Few probably of the other characters can be referred to larval precocity. Though 
the species which have the smaller sized Nauplii have as a rule the smaller sized 
ova* (see table, p. 130), yet in neither case is the size proportional to that of the 
adult; thus, though the Nauplius of Lepas anatifera is larger than that of the 
smaller L. pectinata, the latter has a Nauplius larger than that of L, fasdcularis, 
which is about twice the size. Similarly, the small Balanus balanoides has a 
Nauplius nearly twice the size of that of the perhaps rather larger B. improvises. The 
labrum of the Nauplius, with its axial gland, is practically lost at the Cypris stage, 
and that of the sessile Cirripede differs considerably from the earlier structure. The 
greater complication of the brain in the Balanids may be a precocious character, but 
until the brain of the Nauplius and of the adult have been compared this, too, is 
uncertain. The early appearance of the thickening on the tail, which gives rise to 
important parts of the body of the thorax in Balanus , is the only character which 
appears definitely to indicate the precocious appearance of features originally belong¬ 
ing to a later ontogenetic stage. 

The origin and meaning of the Nauplius hardly come within the scope of the 
present subject, since, as Marshall (80) has pointed out from other considerations, 
the origin of this larval form is outside the group. 

I must, in conclusion, express my best thanks to Messrs. Sedgwick, Harmer, and 
Weldon, at whose suggestion I undertook the study of the Cirripedes, and who have 

* The shape, too, is to a certain extent adapted to that of the Nauplii, cf. Lepas, Dichdaspis, and 
Balanus. 
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frequently assisted me with their advice; to Professor Weldon I am specially 
indebted for many valuable criticisms. My warmest thanks are also due to Dr. Eisig, 
who showed me much kindness, and assisted me in every way possible during my stay 
at the Zoological Station at Naples. To Dr. Paul Mayer I am indebted for the 
specimens of the Nauplii of Dichelaspis, and for information kindly given me on 
certain of his methods. To Professor Kowalevsky I am indebted for suggestions 
as to the best method of investigating the process of excretion in the Nauplii. To 
my friend Dr. Hoek for the kind way in which he has assisted me by the gift or loan 
of literature treating of Cirripedes; and lastly, I have to thank Signor Lo Bianco 
for the ready way in which he provided me with the large amount of material 
necessary for embryological study, and Professor Miall for affording me facilities for 
completing my work in the laboratory of tbe Yorkshire College. 
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DESCRIPTION OP PLATES. 


EXPLANATION OF LETTERING. 


abd.reg. 

Abdominal region. 

frl.gl.s. 

Secretion of ditto. 

an. arc. 

Anal arc. 

frl.h. 

Fronto-lateral horn. 

an.dil. 

Dilator of anus. 

gn. 

GnRthobase of antennae. 

ant. 1 

Antennules. 

gn.m. 

Muscle to ditto. 

ant? 

Antennae. 

gr.mat. 

Granular matter. 

anus. 

Anus. 

gt.c.m. 

Circular muscles of stomach 

app. 

Appendage. 


and intestine. 

app.d.musc. 

Dorsal muscles to appen¬ 
dages. 

gt.l.m. 

Longitudinal muscles of 
ditto. 

app.v.muse. 

Ventral muscles to appen¬ 

int. 

Intestine (proctodseum). 


dages. 

lat.gl. 

Lateral gland. 

arch. 

Archenteron (stomach). 

Ibr. 

Labram. 

ax.gl. 

Axial gland of labram. 

lbr.br. 

Bristles on labrum. 

ax.gl.n. 

Nucleus of ditto. 

Ibr.c. 

Cells at sides of labram. 

ax.gl.Jt. 

Fibre to axial gland. 

Ibr.dist. 

Distal lobe of labrum. 

b.c. 

Body cavity. 

Ibr.n. 

Nerve to labrum. 

hi. 

Blastopore. 

Ibr.prox. 

Proximal lobe of labrum. 

hr. 

Brain (anterior lobes). 

mer.\ vner.% 

&e. Merocytes. 

br.acc.l , 

Accessory lobes of brain. 

mes.c. 

Mesoderm cells. 

hr. cl. 

Central lobe of brain. 

mes.' 

Mesoblast of Nauplius. 

br.p.l. 

Posterior lobes of brain. 

mnd. 

Mandibles 

car. 

Carapace. 

mo. 

Mouth. 

c.sp. 

Caudal spine. 

mx.arc. 

Maxillary arc. 

c.o.c. 

Circum-oesophageal connec¬ 

m.pn. 

Male pro-nucleus. 


tives. 

Npi. eye. 

Nauplius eye. 

c.t. 

Connective tissue. 

OSS. 

(Esophagus (stomodseum). 

d.b. 

Dorsal body. * 

oss.d.m. 

Dilator muscles of ditto. 

ect. 

Ectoderm. 

o.g. 

Oil globules. 

ect.n. 

Nuclei of ectoderm. 

pmx.bd. 

Premaxillary band. 

end. 

Eudoderm. 

ppm. 

Protoplasm of blastoderm. 

ex.rn.arc. 

Extra-maxillary arc. 

prod. 

Intestine (probably = proc¬ 

fi.arc. 

Flexor arc. 


todseum). 

fl.ta. 

Flexor of the tail. 

pv. 1 

First polar body. 

fr-fil. 

Frontal filaments. 

pv? 

Second polar body. 

fr.fills. 

Base of ditto. 

St. 

Stomach. 

frlgl 

Fronto-lateral gland. 

st.gl.c. 

Glandular cells of stomach. 

frl.gln. 

Nucleus of ditto. 

st.b. 

Stellate bodies. 



216 MR. T. T. GROOM ON THE EARLY DEVELOPMENT OF CIRRIPEDIA. 


stom. 

(Esophagus (probably = 

ves.t. 

Vesicular tissue. 

* 

stomodaeum). 

vt.m. 

Vitelline membrane. 

sub-ces.g. 

Sub-oesophageal ganglion. 

yk 

Yolk. 

ta. 

Tail (thorax-abdomen). 

ykend. 

Yolk-endoderm. 

ta.th. 

Ectodermal thickening in 

ykend.c. 

Yolk-endoderm cells. 


thorax-abdomen (ventral 

ykend:n. 

Yolk-endoderm nuclei. 


plate). 

ykgr. 

Yolk granules. 

ta,sp. 

Strong pair of spines on 

ykn. 

Nuclei of meso-hypoblast 


tail. 


cells. 

threg. 

Thoracic region. 




PLATE 14. 

Lepas Anatifeea. (Figs. 1-19. X 300.) 

Stage A. 

Fig. 1. Unfertilized ovum, just laid. 

Fig. 2. Ovum just after giving,off the first polar body (pv 1 .). 

Fig. 3. Ovum undergoing retractions within the newly-formed pei*i-vitelline 
membrane. 

Fig. 4. Ovum just after giving off the second polar body (pv*.). 

Fig. 5. Ovum during the process of separation of the yolk and protoplasm, showing 
, the commencing formation of the first blastomere and central mass of 
protoplasm. 

Fig. 6. Ovum showing the first blastomere clearly defined peripherally by a sharp 
line, while, internally, it is still in connection with the central mass of 
protoplasm. No nucleus is visible without preparation. 

Fig. 7. Somewhat later stage in which the segmentation-nucleus has become visible 
as a clear round spot. The first blastomere is a larger one than that of 
fig. 6. 

Stage B. 

Fig. 8, Ovum in which the first blastomere is now clearly marked off by a constric¬ 
tion, and in which the nucleus has divided. One of the daughter-nuclei 
is passing towards one side of the central mass of protoplasm, which is 
1 still in communication with the protoplasm of the first blastomere. 

Fig. 9. Embryo in which the first blastomere has become definitely cut off from the 
1 yolk by a transverse wall. One of the daughter-nuclei of the segmenta- 

v - Uon nucleus has passed to the periphery of the yolk, where new 

protoplasm is forming at the expense of the latter, the central mass of 
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protoplasm taving likewise become peripteral. The protoplasm of the 
newly-forming second blastomere is seen to be still in connection with 
the yolk. 

Fig. 10. Similar stage in which the basal plane was oblique. 

Fig. 11. Similar stage in which the first blastomere is not marked off by a constric¬ 
tion. The nuclei are large and clear. 

Fig. 12. Lateral view of a stage in which the second blastomere has become pretty 
clearly defined peripherally. Both blastomeres (separated by an oblique 
basal plane in this case) are dividing transversely. 

Fig. 13. Stage in which the second blastomere is arising at some distance from the 
first, which, in the meantime, is dividing transversely. 

Fig. 14. Similar stage, but the second blastomere is in contact with the first, and its 
nucleus lies in the plane of division of the latter. 

Fig. 15. Stage, with three blastoderm cells, and a fourth appearing on the left-hand 
side of II. 

Fig. 16. Stage, with three blastomeres, and a fourth, nearly completed, on the right- 
hand side of II. 

Fig. 17. Stage, with three blastomeres, and a fourth emerging beneath II. Ventral 
view. 

Fig. 17a. Stage, with three blastomeres, and two new ones arising by division of a 
merocyte before it emerges from the yolk. Ventral view. 

Fig. 18. Stage, with six blastomeres, one terminal (anterior), two dorso-lateral, two 
ventro-lateral, and one approximately ventro-l&teral (dividing). 

Fig, 19. Stage with seven blastomeres, two dorso-lateral, four ventro-lateral, one 
ventral, and one emerging ventro-laterally. 


PLATE 15. 

Lepas Anatieeea. (Figs. 20-39. X 300.) 

Fig. 20; Lateral view of stage with fifteen cells, one dorsal, four dorso-lateral, six 
lateral, and four ventral. 

Fig. 21. Stage in which the yolk is largely covered by the blastoderm; blastopore 
still large. The covered part of the yolk is shaded. 

Fig. 22. Further stage; blastopore quite small (the yolk seen to project through it 
near the posterior end on the right-hand side). The yolk is faintly 
shaded. 

Fig. 23. Stage in which the blastopore is closed by the formation of a new blasto¬ 
derm cell over the uncovered part of the yolk. The yolk (which is 
shaded) is still undivided. 

MDCCOXCIV,—B. 2 P 



218 MR. T. T. GROOM OR TEE EARLY* DEVELOPMENT OE OIRRIPEDIA. 


Stage 0. 

Fig. 24. Stage in which the yolk (meso-hypoblast) has just divided by an oblique 
furrow. 

Fig. 25. Stage showing the production of the mesoblast of the Nauplius from the 
hind part of the two meso-hypoblast cells. 

Fig. 26. Stage with three endoderm cells. 

Fig. 27. Stage with four endoderm cells. 

Fig. 28. Side view of stage with six endoderm cells, showing commencing segmenta¬ 
tion of the body into three regions. 


Stage D. 

Fig. 29. Ventral view of stage in which the body is clearly divided into three regions. 
Fig. 30. Same stage, side view. The furrows are seen to die out on the sides of 
the body. 

Fig. 31. Same stage, dorsal view. 


Fig. 32. Stage in which the three pairs of appendages are 'first marked out. Ventral 
view. Ant. 1 , antennule ; ant}, antennse ; mn., mandible; ta., tail. 

Fig. 33. Same stage, lateral view. 

Fig. 34. Dorsal view of same stage, showing the free ends of the appendages meeting 
in the mid-dorsal line. 


Stage F. 

Fig. 35. Ventral view of stage in which the appendages are well developed, but 
still short. 

Fig. 36. Same stage, dorsal view. 

Fig. 37. Lateral view of stage in which the appendages are longer, and directed 
obliquely backwards and upwards. Ant. 1 , antennule; ant}, antennae; 
mn, } mandible; ta., tail; Ibr., labrum. The hinder end of the labrum is 
marked by a slight notch at the level of the letters ant. 1 . 

Fig. 38. Stage in which the appendages are still of moderate length : the setae 
becoming visible at the tips of the appendages. Ventral view. Lettering 
as in fig. 37. The tip of the labrum is seen opposite the middle of the 
antennse; the-endoderm is shaded. 

$■%, 39. ^Lateral view of stage in which the appendages are a little longer. The 
endoderm is faintly shaded. 
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PLATE 16. 

Lepas anatifera. 

Fig. 40. Same stage as in fig. 39 : dorsal view. The boundaries of the endoderm 
cells are clearly seen. X 300. 

Stage Q. 

Fig. 41. Dorsal view of a Nauplius approaching maturity, but still enclosed within 
the peri-vitelline membrane. Yk.end ., yolk-endoderm; c.sp, t caudal 

spine ; ta., tail; hr., brain (the Nauplius eye is not yet visible); frl.gl., 
fronto-lateral gland; frl.h., fronto-lateral horns. 

Stage H. 

Fig. 42. Dorsal view of a Nauplius removed from the peri-vitelline membrane shortly 
before hatching. Arch., stomach ; hr., brain; c.sp., caudal spine, telescoped 
within the body ; frl.gl ., fronto-lateral gland; frl.h., fronto-lateral hom; 
gr.mat ., granular matter; npl.eye, Nauplius eye. 

Lepas pectinata. 

Fig. 43. Ovum of Lepas pectinata after formation of the second polar body (pv Q ). 

Fig. 44. Ovum contracting during the process of separation of the protoplasm and 
yolk. The protoplasm is commencing to collect at the anterior end. 

Fig. 45. Same ovum, five minutes afterwards; a good deal of the protoplasm is now 
seen at the anterior end. 

Fig. 46. Same ovum, thirty minutes later; the segmentation-nucleus is now visible 
as a faint clear spot. 

Fig. 47. Later stage of another ovum; the first blastomere marked off by a deep 
constriction. 

Fig, 48. Embryo in which the first blastomere was separated from the yolk by an 
oblique basal plane; the second blastomere forming from the yolk, 

BALANtlS PERFOEATTJS, (FigS. 49-59. X 265.) 

Stage A . 

Fig, 49. Ovum of Balanus perforatus in which the protoplasm has segregated from 
the yolk. 


2 F 2 
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Stage B. 

Fig. 50. Stag© in which the first blastomere has been cut off from the yolk, and a 
second is arising from the latter. 

Fig. 51. Stage in which the second blastomere is emerging, and the first dividing 
transversely. 

Fig. 52. A si mil ar, but somewhat later stage, in which the second blastomere is well 
marked off peripherally from the yolk. 

Fig. 53. Stage with three blastomeres, and a fourth and fifth arising by division of a 
single merocyte. Another example was similar, but the merocyte was 
undivided. 

Fig. 54. Stage with three blastomeres, the unpaired one (II.) dividing transversely. 

Fig. 55. Dorsal view of stage with three blastomeres, a new one arising near the 
posterior end. 

Fig. 56. Yentral view of similar stage. 

Fig, 57. Stage with the blastomeres, two of which (probably all three*) are dividing ; 
a merocyte dividing in the yolk. 

Fig. 58. Stage with four blastomeres ; a new one arising near the posterior end. 

Fig. 59. Stage with four blastomeres, one (ventral) dividing transversely; a merocyte 
emerging on the right-hand side. 

PLATE 17. 

Balanus pejelforatub. (Figs. 61-78. X 265.) 

Fig. 61. Stage with five blastomeres, a sixth arising from the yolk. 

Fig. 62. Stage with seven blastomeres, one terminal, one ventral, two ventro-lateral, 
two lateral, and one dorsal; an eighth arising from the yolk. Ventral 
view. The Koman numerals refer to the successive merocytes. 

Big. 63. Similar stage, ventral blastomere dividing. 

Figs. 64-68. Later stages, showing further growth of blastoderm over yolk. 

Fig, 67. Stage in which the blastopore is an irregular space becoming further 
diminished in size by the appearance of a new merocyte. 

Fig. 68. Stage in which the blastopore is Btill smaller; a new blastomere is arising 
at the apex of the projecting portion of the yolk. 

Fig. 69.- Stage in which the blastopore is very small. 

Fig. 70. Stage in which the blastoderm is just completed by a merocyte emerging at 
the apex of the yolk to form a low blastomere just anterior to the most 
posteriorly situated cell. The yolk is still undivided. 

Similar stage, in which the outline of the yolk is confluent with that of the 

' . /• ri ; which closed the blastopore, The yolk still undivided, 

, ^ * I did not succeed in seeing the opposite side of this egg. 
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Stage C. 

Fig. 72. Stage in which the yolk (meso-hypoblast) is divided in two. 

Fig. 72a and 72&. Two lateral views of stages with four endoderm cells. 

Fig. 73. Lateral view of stage with six endoderm cells. 

Fig. 75. Ventral view of approximately same stage as that of fig. 73. The nuclei of 
the endoderm cells appear as dark stellate spots. 

' Stage F. 

Fig. 76. Lateral view of stage with short appendages, ant., 1 antennules; ant.? 
antennae ; mn., mandibles; ta., tail. 

Fig. 77. Dorsal view of stage in which appendages are rather short; the second and 
third pairs are bifid at their extremities. Lettering as in fig. 76. * • 

Fig. 78. Same stage, side view. The nuclei of the endoderm cells may be sometimes 
seen dividing. Lettering as in fig. 76. 

PLATE 18. 

Balanus Perforatus * (Figs. 79-82. X 265.) 

Fig. 79. Same stage as in fig. 78 ; ventral view. 

Fig. 80. Stage in which the appendages are of moderate length ; lahrum (Ibr.) well- 
marked ; lettering as in fig. 82 ; ventro-lateral view. 

Stage G. 

Fig. 81. Lateral view of stage in which the appendages are long; Nauplius eye as 
yet absent; lettering as in fig. 82. 

Stage H, 

Fig. 82. Nauplius nearly ready to hatch; side view; ant. 1 , antennule; ant?, antenna; 

mn., mandible; ta., tail; c.sp., caudal spine; npl.eye, Nauplius eye 
(black); ykend., yolk-endoderm. At the side of the intestine and hind 
end of the stomach are seen flat granular cells. 

Chthamaltjs stellatus. (Figs. 83-96. X 360.) 

Stage A. 

Fig. 83. Ovum of Ghthamalus stellatus in which the protoplasm and yolk are segre¬ 
gating. pv?, second polar body. 

* The colours in figs. 79-82 should he as in figs. 61-78. 
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Fig. 84. Ovum in which segregation of the protoplasm and yolk is complete, the 
boundary being transverse. The nucleus has appeared as a small clear 
spot in the protoplasm, just anterior to the basal plane; around this the 
protoplasm, preparatory to the division of the nucleus, has assumed a 
radial arrangement; pv*, second polar body. 

Fig. 85. Example of an egg in which the basal plane was oblique. 


Stage B. 


Fig. 86-. Example of an egg in which the second blastomere is arising before the 
separation of the first from the yolk along the basal plane has taken 
place. 

Fig. 87. Egg showing the second blastomere arising from the yolk ; the first having 
been cut off by an oblique basal plane. 

Fig. 88. Stage showing second blastomere arising from the yolk while the first is 
dividing. 

Fig. 89. Stage with three blastomeres, and a fourth arising from the yolk on the left- 
hand side of II. (the cell on the left side of the figure). 

Fig. 90. Stage with three blastomeres, and a fourth arising from the yolk in the 
middle line. 

Fig. 91. Stage with five or six blastomeres. 

Fig. 92. Stage in which the yolk is half covered by the blastoderm ; a new blastomere 
is emerging on the right-hand side of the yolk. 

Fig. 93. Similar stage to that in fig. 92, but the merocyte in connection with the 
nearest blastomere by a nuclear spindle, seen by focussing below the 
surface. 

Fig. 94. Stage in which the blastopore is being closed by the emergence of a 
merocyte. 


Stage <7, 


Fig, 95. Stage in which the yolk (meso-hypoblast) is divided in two, each half being 
a cell with a nucleus and protoplasmic mass at its hinder end, 

Fig, 96. Example in which the yolk had divided before the closure of the blastopore. 


PLATE 19. 

CHTHAMALtTS STELLATtJS, 

S 18 ® 6 ’ stowing commencement of the formation of the mesoblast of the 
- Baupliue; the yolk has lost its definite oontour in the region where this 
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is taking place, and the mesoblastic cells themselves form a rather opaque 
mass (on the right-hand side of the figure). X 360. 


Stage F. 

Fig. 98. Dorsal view of embryo-Nauplius with rather short appendages, taken out of 
the egg-shell; ant. 1 , antennule; ant}, antenna; mn., mandible. The 
yolk endoderm is shaded. X 360. 

Stage H. 

Fig. 99. ISTauplius almost ready to hatch; ant. 1 , antennule; ant. 2 , antenna; mn., 
mandible; npl.eye , Nauplius eye; lh\, lahrum ; ta ., tail; c.sp., caudal 
spine. 


Lepas ANATTPERA. (Figs. 101-113. X 420.) 
Stage A. 


Fig. 100. Longitudinal section through ovum of Lepas anatifera, showing the nucleus 
dividing to form the second polar body; pv. 1 , first polar body; the oil 
globules appear as clear round spaces. 

Fig. 101. Oblique section of ovum in which the protoplasm and yolk are segregated, 
showing division of the segmentation-nucleus. This stage would be a 
little later than that shown in fig. 7. 1 

Fig. 102, Oblique section passing through stage between those shown in figs. 8 
and 9. The first hlastomere has quite recently been cut off, and the 
spindle-fibres are still visible. 

Fig. 103. Similar section of an egg in which the basal plane was oblique. 

Fig. 104. A more longitudinal section of a rather later stage in which the two nuclei 
are completely disconnected; cf. stage shown in woodcut S/(p. 196). 

Fig. 105. Longitudinal section of an egg at the stage shown in woodcut 3 g ; cf. also 
figs. 9-11. 


Stage B. 


Fig. 106. Oblique section of an egg at stage a little later than that shown in fig. 17 ; 

cf. also fig. 17A ; a nucleus has recently been given off into the yolk from 
the third blastomere with which it is still in connection. 
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Stage C. 

Figs. 107 and 108. Oblique sections passing through the two yolk cells (meso- 
hypoblast) which have each cut off a mesoblastic cell (mes. 1 ); cf. wood- 
cut 3 q (p. 197). 

Fig. 109. Sections of slightly later stage, in which the mesoblast cell has divided. 

Fig. 109a. Next one in the series of sections of the same embryo. 

Fig. 110. Section of a still later stage in which the yolk-cells have cut off two more 
mesoblastic cells. 

Fig. 111. Longitudinal section, showing yolk-endoderm divided into two; mesoblast 
cells behind. Lettering as in fig. 112. 

Fig. 112. Longitudinal horizontal section of embryo at stage shown in fig. 28 ; several 
yolk-endoderm cells present (four intersected). Ect., ectoderm; mes. 1 , 
mesoderm; yh end., yolk-endoderm cell; yh end . n., nucleus of yolk- 
endoderm cell. 

Stage D, 

Fig. 113. Longitudinal vertical nearly median section of embryo at stage shown in 
figs. 29—31, in which tbe body is apparently segmented into three por¬ 
tions ; the section shows the dorsal mesoblastic plate (mes. 1 ). 


PLATE 20. 

Lepas ajjatieeba. (Figs. 114-121/ x 420 ; figs. 122o-122e, x 375.) 
Fig. 114. Transverse section of same stage as that shown in fig. 113. 


- - Stage JS, 

Fig. 115. Transverse section through an embryo with short appendages (figs. 35 and 
36), taken between two pairs of appendages. 

Fig. 116. Transverse section of same stage, taken through a pair of appendages. 


Stage F. 

Fig. 117. Longitudinal horizontal section through an embryo of Stage F (fig. 37); 
. tire oesophagus (stom.) is cut transversely; the intestine {proatX longi- 
tudmally; app., appendages; to., tail. 

F%. I18. .Transveme potion through anterior region of embryo of same stage showing 
tbe thin dorsal ectoderm, no longer covered by thofree ends of the 
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antennules, the lower parts of which, with their mesoblastic tissue, are 
still closely adpressed to and not to be distinguished from the sides of the 
carapace ; ventral to the oesophagus is the tissue of the base of the labrum 
not clearly marked off in this section, 

Fig. 119. Transverse section of embryo at same stage, taken through the labrwtn 
(Ibr.); ap'p.f appendage. 

Fig. 120. Transverse section of embryo at same stage, taken through the intestine 
(proct.) ; ect., ectoderm ; app., appendage. 

Stage G. 

Fig. 121. Nearly median longitudinal vertical section of embryo-Nauplius with long 
appendages. 6.C., body cavity; hr., brain; e.sp., caudal spine; ect., 
ectoderm; prod ., intestine ; sub.ces.g ., sub-oesophageal ganglion; ta. t 
tail; yh.end ., yolk-endoderm; yh.end.n., yolk-endoderm nucleus. The 
boundaries between the individual yolk-endoderm cells are not clearly 
seen in this section. 

Fig. 121a. Transverse section through embryo of same stage, taken anteriorly to the 
point at which the caudal spine separates from the tail (about the level 
of letters ect. in fig. 121). On each side of the tail are seen the exopodite 
(dorsal), and the endopodite (ventral) of the mandibles; outside these 
come the exopodite (dorsal) and the endopodite (ventral) of the antennae; 
b.c.j body cavity. 

Fig. 121 b. Transverse section of embryo of same stage, taken some distance in front 
of the mouth. Ibr., labrum; ces., oesophagus ; ces.c.m., circular muscles of 
oesophagus; yh.end ., yolk-endoderm; yh.end.n., nuclei of yolk-endoderm 
cells. 

Fig. 121c. Transverse section of same embryo, taken just anterior to mouth. Letters 
as in figs. 121b. b.c., body cavity; c.o.c., circum-oesophageal connectives. 

Fig. 121c?. Transverse section of embryo of same stage, taken behind the mouth. 
Letters as in figs. 1216 and 121c. sub-ces.g. } sub-oesophageal ganglion. 

Fig. 121e. Half of a transverse section of embryo of same stage, passing through the 
fronto-latera! glands (frl.gl.). frl.gl.n., nuclei of fronto-latera! glands. 

Fig. 121 f Portions of longitudinal horizontal sections of embryo of same stage. 

Fig. 122a-e. Sections showing the excavation of the yolk-endoderm to form the 
stomach, and the union of the oesophagus ( atom .) and intestine (pi'ocL ) 
witk the stomach. The boundaries of the yolk-endoderm cells are clearly 
seen; the nuclei appear deeply stained. Figs. 122a and 122c? pass 
through the stomach and oesophagus ; fig. 122c? through the stomach and 
intestine; and figs 1226 and 122e through the stomach ODly. 

MDCOCXOIV.—B. 2 G 
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Balanus perforates: 

Stage B. 

Fig. 123. Nearly longitudinal section through an egg of JBalanus perforatus, in which 
the first blastomere has been cut off from the yolk, and the second is 
forming (mer.). X 420. 


PLATE 21. 


Balantjs perforates. (Figs. 125-136cZ. X 420.) 


Stage B. 

Figs. 124a and b. Longitudinal sections in planes at right .angles to one another, 
showing the first blastomere dividing transversely, and the second giving 
off a nucleus into the yolk. X 375. 

Fig. 125. Nearly longitudinal section through an egg, with three blastomeres and a 
merocyte (•mer.) in the yolk. 

Fig. 126. Longitudinal section through an egg, with six blastomeres, and a seventh 
arising from the yolk. 

Fig. 127. Section through a stage in which the blastopore is just being closed by a 
merocyte [mer.). 

Stage C. 


Fig. 128. Longitudinal section of an embryo in which the blastoderm is completed; 
a single merocyte, with its nucleus ( mer.n .), is seen in the yolk. 

Fig. 129; Oblique section of a stage in which the yolk ( meso-kypoblast ) has just 
divided. 

Fig. 130. Oblique section of stage with two yolk-cells ( meso-kypoblast ). 

Fig. 131. Obliquely longitudinal section of stage, with about five or six endoderm 
cells, mes. 1 , mesoblast. 

Fig. 182, Transverse section, near hind end, of embryo at same stage, mes. 1 , meso¬ 
blast. 

Stage E. 

Fig. 133, Transverse section of embryo with short appendages, before the appearance 
of the oesophagus, showing mid-dorsal groove. 

. - • Stage F. 1 

Fig. 134. Transverse section through an emhryo-Nauplius at Stage F, taken through 
i'h® oesophagus (sdom,). The l&brurn (Ibr.) is seen as a low ventral pro¬ 
jection ; yhmd.n., nuclei of yolk-endoderm cells. 
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‘Pig. 135. Transverse section of the same embryo passing through the intestine 
(prod .), and appendages (app.), 

Nauplius. Stage II. 

Fig. 136a. Longitudinal section (considerably inclined to the sagittal plane) of 
Nauplius after the first moult, passing to one side of the labrum, mouth, 
and oesophagus. The communication between the stomach (st.) and in¬ 
testine (int.) is well seen. The section also passes close to the anus. The 
“ ventral plate ” is cut parallel to its surface, so that its composition out 
of a single layer of cells is not clearly seen. 

Fig. 1366. Longitudinal vertical section through posterior half of a Nauplius of 
Stage II., traversing stomach (st.), intestine (int.), sub-oesophageal gan¬ 
glion (sub-ces.g.), and “ ventral plate” (i ta.th.). 

Fig. 136c. Nearly transverse section, through Nauplius of same stage, passing through 
stomach (st.), oesophagus (css.), circum-cesophageal connectives (c.o.c.), and 
labrum (Ibr.). The oesophagus is cut through as it bends back dorsally 
and ventrally. 

Fig. 136d. Nearly transverse section of Nauplius at same Btage, passing through 
stomach (st.), mouth (m, on one side), labrum (lb\), circum-cesophageal 
connectives (c.o.c.). 


PLATE 22. 

Bax anus perforatus. 

. Nauplius. Stage II. (Figs. 137a-1396. X 420.) 

Fig. 137a— d. Sections of Nauplius taken parallel to the labrum. Ant. 1 , antennule; 

ant.% antenna; app.d.m., dorsal muscles of appendages; app.v.m., ventral 
muscles of appendages; hr., brain; br.acc.L, accessory lobes of brain; 
br.c.l., central lobe of brain; br.p.l., posterior lobes of brain; fr.fills., 
base of frontal filament; mncl., mandible; npl.eye., Nauplius eye; ces., 
oesophagus; sub.oes.g., sub-oesophageal ganglion; st., stomach. 

Fig. 137a. Section passing immediately above mouth. 

Fig. 1376. Section next but one higher. 

Fig. 137c. Next section higher. 

Fig. 137c?. Next section higher. 

Fig. 138. Horizontal section through anterior part of Nauplius, traversing brain, 
Nauplius eye, frontal filaments, stomach, and fronto-lateral glands. 
Letters as in figs. 137o-c?. 

Fig. 138a. Muscles as seen in section of same Nauplius. 

Fig. 139a. Tranverse section of Nauplius taken in front of mouth, and just behind 
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the U-shaped bend of the oesophagus, ax.gl., axial gland of labrum • 
ctx ' 9 nucleus of axial gland; car., edge of carapace; c.o.c. cireum 
oesopha,geal connectives; gn„ gnathobase of antenna; gn.m., muscle of 
gnathobase ; ces., oesophagus; st, stomach, 
ig. 1396. Transverse section of same Nauplius passing through the intestine (in 
ventral plate ” (tcc.th ); cccr., carapace. 

Pig. 139c. Next section but one behind 1396. 


Stage I. 

Fig. 140. Dorsal view of Nauplius after moulting once, .JHX, fronto-lateral horns • 
gr., granular matter; other letters as in figs. 137 and 139. x 220. 


PLATE 23. 

Balajstus pebforattjs. 

Stage II 

% Ul. IWAr of Nauplius after moulting once, an.dil, dilator of anus; 

£ aTi tzti, bm of bmin: eot ° derm w 

l -ff-’/T fllament ; Ml-K base of frontal filament • 
fi.il" , 6ra f and; ? l 4 U > secretion of fronto-lateral glands; 

Mk fronto-lateral horn; ini., intestine with its circular muscles- 
p- lateral S land ! vesicular tissue, x 220. 

% -? ^ «**>- rf a*., 

gn.m., muscle to ditto- t °f 0p a ® U8 ’ gnathobase of antenna; 

fig. 141. On the ventral*' & t ’ t ^'' tad spines : otIler letters as in 

• uLber of of IS T rf Ce - t 1S ; e T th6 and a 

seen ° f * gUt “ 

Stage I. 

% W3 ' w.tih of zS;^i? a 7*? of y eL ’ in m »*>»*. 

ciroum-cesophageal connect (To h aid Tb^^ : the 

; ‘behind the eye is seen the “doSSdTSl f5S 
Circle in the midsttfS*“* * <BS ° phagUS “ 



MR, T. T. GROOM ON THE EARLY DEVELOPMENT OP CIRRIPEDIA. 229 


PLATE 24. 

Balanus perforates. 

Nauplius , Stage II. 

Fig. 144. Ventral view of the setose region of a Nanplius of Stage II., showing tie 
arrangement of the bands of setae. 

Fig. 145. Ventral view of labruim of a Nanplius of Stage II. X 420. ax.gl., axial 
gland of labrum; ax.gl.Ji. } fibre running to ditto; hr., brain; ect., ecto¬ 
derm ; frjil frontal filament; fi\ fills,, base of ditto; Ibr.c., cells at side 
of labrum ; npl.eye , Nauplius eye. 

Fig. 146. Ventral view of thoracic region of a Nauplius of Stage II. arch., stomach; 

Ji.ta., flexor of tail; gt.l.vn., longitudinal muscles of stomach and intestine; 
la.sp., tail-spines; ta.th., ectodermal thickening of tail, or “ ventral 
plate.” 

Fig. 147. Similar view showing a more advanced condition of the ventral plate. 
X 420. 

Fig. 148. Portion of carapace of Nauplius (Stage II.), showing excreted granules of 
methyl-blue. X 420. 

Fig. 148a. Labrum of Nauplius (Stage II.), showing excreted granules of methyl 
blue. X 420. 


Chthamaltjb stellatus. 

Fig. 149. Dorsal view of Nauplius (Stage II.) of Ghthamalus stellatus. app. d. muse., 
dorsal muscles of appendages; hr., brain; br.acc.l., accessory lobes of 
brain; int., intestine; fr.fills,, base of frontal filaments ; frl.gl., fronto- 
lateral gland; frl.gls., secreted spherules of ditto; frlJi., fronto-lateral 
horns; lat.gl., lateral gland; st., stomach; ves.t., vesicular tissue. The 
sub-cuticular network is shown on the right-hand side, and the deeper 
structures only on the left. X 212. 

PLATE 25. 

Chthamalus stellatus. 

Nanplius 3 Stage II. 

Fig. 150. Ventral view of Nauplius (Stage II.) of Ghthamalus stellatus. ax.gl., axial 
gland of labrum ; b\, brain, with Nauplius eye resting upon it; c.sp., 
caudal spine; frfil. frontal filament; lat.gl., lateral gland; lbr.disf. 
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distal lobe of labrum; Ibr.prox proximal lobe of ditto ; ta.sp., tail-spine. 
X 216. 

Fig. 151. Lateral view of Nauplius (Stage II.) of Chthamalus stellatus. anus; an. 

arc , anal arc ; app.d.musc., dorsal muscles of appendages ; lbr. } labrum ; 
st., stomach; ta., tail; other letters as in fig. 150. X 220. 

Fig. 152. View of portion of ventral surface of Nauplius (Stage II.) of Chthamalus 
stellatus. an.arc , anal arc; c.sp., caudal spine; ex.mx.arc , extra-maxil¬ 
lary arc; Jl.arc, flexor arc; fl.ta., flexor of tail; Ibr,, labrum; pmx.bd., 
pre-maxillary band; ta., tail; ta.sp., tail-spine. X 265. 


Lepas anatifera. 

Stage I. 

Fig. 153. Ventral view of a Nauplius of Lepas anatifera just hatched, showing brain 
(hr.), with the frontal filaments (fr.fil.) underneath the cuticle, and their 
bases (fr.fills.) in the brain on each side of tbe Nauplius eye; the 
labrum (Ibr.dist. and Ibr.prox .); tbe fronto-lateral horns (fi'l.h.) are bent 
back parallel to the body, and the caudal spine and tail telescoped within 
the body, their tips only being as yet external; portions of the fronto- 
lateral glands are seen just in front of the antennules, and a portion of 
the setose region behind the lahrum. X 220. 

Fig. 153ct. Dorsal view of same, app.d.muso., dorsal muscles of appendages ; arch., 
stomach; c.sp., caudal spine; fi.ta., flexor of tail; frl.gl., fronto-lateral 
gland; gr.mat., granular matter; above the Nauplius eye is seen the 
** dorsal body.” X 220. 


Stage II. 

Fig. 154. Nanplius of Lepas anatifera just after the first moult, with the labrum 
turned a little forwards, so as to expose the mouth (mo.), and the origin 
of the ventral muscles running to the appendages ( app.v.musc .), as well as 
the sub-oesophageal ganglion (sub,css.g.). The tail and caudal spine are still 
telescoped within the body. X 140. 

Fig.. 155. Ventral view of a more advanced Nauplius of Stage II., not long after tbe 
first moult, with the lahrum (Ibr.) turned forwards. The tail and caudal 

" 11 ";; spine ate trill telescoped within the body. X 220. 
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PLATE 26. 

Lepas anatifera. 

Stage II. 

Fig. 156. Dorsal view of a fully-developed Nauplius (Stage II.) of Lepas anatifem. 

an.dil, dilator of anus; app.d.musc., dorsal muscles of appendages; hr., 
brain ; d.h., dorsal body; fl.ta., flexor of tail; frlh., fronto-lateral born; 
frl.gl., fronto-lateral gland; frl.gl.n., nuclei of ditto; st., stomach, fol¬ 
lowed by intestine with its circular muscles; st.b stellate body; ves.t., 
vesicular tissue; in front of the anterior margin are seen the frontal 
filaments. X 220. 

PLATE 27. 

Lepas anatifeba. 

Nauplius. Stage II. 

Fig. 157. Yentral view of a fully-developed Nauplius after moulting once (Stage II,). 

an.arc, anal arc; ant.arc, anterior arc; ax.gl., axial gland of labrum; 
c.sp., caudal spine; d.h., dorsal body; exm.arc, extra-maxillary arc; 
fi.arc, flexor arc; frl.gl. , fronto-lateral gland; frigid., secreted spherules 
of ditto; Hr., labrum ; oesophagus; ta., tail; ta.sp., tail-spine. X 220. 

Fig. 158. Ventral view of labrum and part of nervous system of a Nauplius of the 
same stage. Ax.gl., axial gland of labrum; hr.', brain; c.o.c., eircum- 
oesophageal connectives; Ibr.c-., cells at sides of labrum; lbr t dist. 3 distal 
lobe of labrum; Ibr.prox., proximal lobe of labrum; ass., oesophagus with 
its circular muscles. X 420. 

Fig. 159. View of labrum of Nauplius of same stage turned forwards to expose the 
mouth and hinder part of the nervous system. Mo., mouth ; c.o.c., circum- 
oesophageal connectives; sub-ces.g., sub-oesophageal ganglion: other letters 
as in fig. 158. 

Fig. 160. View from below of setose region of Nauplius of same stage. Fl.ta., flexor 
of tail; prmx.bd., premaxillary band; ta.th., initial stage of ventral 
plate: other letters as in fig. 157. 

■ Lepas pectinata. 


Fig. 161. Nauplius of lepas pectinata just hatched. App.d.m., dorsal muscles to 
appendages; hr., brain; frl.gl, fronto-lateral glands at base of fronto- 
lateral horns; gr.mat., granular matter; int., intestine; st, stomach. 
X 220. 
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PLATE 28. 


Lepas pechnata.' 

Nauplius. - Stage II - 

Fig. 163. Ventral view of setose region of Nauplius (Stage II.) of Lepas pectimta. 
X 420.' 

, CONCHODERMA VIRGATA. 


Nauplius. Stage I. 


Fig. 164. Dorsal view of Nauplius of Conchodema virgata just hatched; app.d.m., 
dorsal muscles of appendages; hr., brain, with Nauplius eye; c.sp., caudal 
spine, telescoped within the body, together with the tail; frlh., fronto- 
lateral horn; frl.gl., frgnto-lateral gland; gr.mat., granular matter; st., 
stomach. X 220. • - 1 

Fig. 165. Dorsal view of Nauphtis of Conchodema virgata some time after .the first 
: - moult. .The tail, caudal spine, and setae are beginning to evaginate; 

jfl.fa.y-flexor of tail; frl.fi., frontal filaments; frl.gls., secretion of 
fronto-lateral gland; fa,, tail; other letters as in fig. 164. X 220. 

Fig. 166. Ventral view of more advanced condition of Nauplius of same Stage (II.), 
showing the further evagination of the tail and caudal spine; hr., brain; 
c.sp,, caudal spine; Ibr.dist ., distal lobe of labrum; Ibr.prox ., proximal 
lobe ;of labrum; ces ., oesophagus; fa., tail. X 220. 


Dichelaspis Darwinii. 


. Nauplius; . Stage I. 


Fig. 167. Dorsal view of Nauplius of Dichelaspis Darwinii in the first stage; arch,, 
stomach; ax.gl, axial gland of labrum; hr,, brain; jl.ta., flexor of tail; 
Ibr;dist., distal lobe of labrum; Ibr. prox,, proximal lobe of labrum; 
npl.eye , Nauplius eye; ces., oesophagus. " The tail and caudal spine are 
telescoped within the body, and the fronto-lateral horns are 'seen lying 
. , parallel to the sides of the body. X 220. 


(tig, 168. Ventral view of a Nauplius of Dichelaspis Damdnii at Stage II, as made, 
- out from a number/of mounted imperfect specimens'; ax.gl, axial gland of 
{ \ 4 \ flexor of tail frontal filaments; 

1 ^ rp> y Nauplius eyd; fa,, tail; talk, rudiment 
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PRELIMINARY. 

Although hepatic glycogenesis was undiscovered before 1854, a large number of 
investigators of animal metabolism have directed their attention to its elucidation, 
and the literature on the subject has thus become very extensive. In spite of this, 
our knowledge of the physiology of the process is far from complete or satisfactory. 

The term “ glycogenosis ” is here used in the sense in which it was originally 
employed by Clatjde Bernard, i.e., the M production of sugar,” and not the mere 
formation of glycogen 1 —a sense in which it is too commonly employed by many 
writers. 

That one of the great functions of the liver is to produce sugar will not, at the 
present time, be denied by any physiologist.* 

, The question, therefore, resolves itself into— 

I. Prom what, and how, is hepatic sugar produced ? And this at once leads to the 
question of—What is the relationship of hepatic sugar to glycogen 1 
. Bernard and the vast majority of subsequent investigators have been led to the 
conclusion that glycogen is the forerunner of the sugar. Seegen alone opposes this 
view, and bases his opposition on the following grounds! 

1st. That, during starvation, sugar is produced in the liver up to the last hours of 
life, and long after all the glycogen has disappeared from the organ. 

2nd. That, aqpording to the researches of Kratschmer and himself, the production 
of sugar in the post-mortem liver is in excess of the disappearance of glycogen. 

* The theory of Pavy, repeated in nearly every text-book, that the liver is “ a sugar destroying, and 
not a sugar forming organ,” rests on so unsubstantial a basis and has been so completely refuted by the 
work of Seegbn and other investigators that it need not be considered. 

f Pavy’s position, of course, necessitates the conception that hepatic glycogen has a fate other than 
ir. 
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To draw such a conclusion from the former fact shows a want of appreciation of 
the relationship of glycogen to the sugar, so clearly recognized by Bernard. It is 
when a supply of glycogenic (i.e., sugar yielding) material exists in the liver that it 
is stored as glycogen, just as in a resting gland cell, when there is no call for mucin, 
or the special zymin, an accumulation of mucinogen or of zymogen occurs. If the 
demand for sugar in the organism is urgent, the liver is deprived of the material for 
the formation of this substance. To argue the non-relationship of sugar to glycogen 
for this reason is as absurd as to argue the non-relationship of mucin and the zymins 
to the mucinogen and the zymogens, because, in the prolonged activity of the cells, 
these latter bodies are not accumulated and stored. 

Against the experimental basis of the second objection must be set the observations 
of Boehm and Hoffmann (‘ Pfliiger’s Archiv/ vol. 23) and of Girard (‘ Pfliiger’s 
Archiv/ vol. 41), which clearly indicate that the amount of sugar formed in the 
liver post-mortem is proportionate to the glycogen disappearing. 

But even supposing that Seegen and Kratschmer’s results are correct, they by no 
means justify the conclusions founded upon them. The fact that glycogen is formed, 
not only from carbohydrates, but also from proteids, and the possibility that the vital 
functions of the cells of the body are continued for some time after the death of the 
animal, might explain the post-mortem production of the slightly increased amount of 
carbohydrates found by these investigators.* 

With such conclusive evidence, further experiments are needless. 

Glycogen being the forerunner of sugar, the problem of glycogenosis resolves itself 
into:— 

1st. Prom what and how is glycogen formed in the liver ? 

2nd. How is it related to the protoplasm of the liver cells ? 

3rd. Into what kind of sugar is it changed, and how is the conversion brought 
about ? 

As a result of his investigations, Bernard (‘Lemons sur la Diab&te,’ p. 307) gives 
as his answer to the first and third of these questions, that the process of sugar 
formation in the liver, “ s’accomplit en deux actes. . . . L’acte chimique , c'est la trans¬ 
formation du glycog&ne en sucre. L’acte vital, c’est la production du glycog&ne au 
sem du tissue vivant.” 

All subsequent work has hut confirmed the latter part of this statement, and has 
fully demonstrated that the progenitors of glycogen probably first become part of the 
living protoplasm of the cells before' being changed into that substance. The litera¬ 
ture on this aspect of the question is very extensive, Among the most important 
communications are those of Voir and his scholars, the mai n results of which are 
given in voL 28 of the * Ztseh. £ Biol’ ( f< Ueber die Glykogenbildung nach Aufhabme 
verschiedener Zuckerarten”); r while the whole evidence is ably considered and con- 

* Ebaewkisl’s theory of the mode of storage of glycogen in the cell (‘ Pfluger’s Archiv,’ vol, 52) may 
also afford an explanation of such results. 



DR, D. NOEL PAT ON ON HEPATIC GLYCO GENESIS. 235 

densed by Peluger (“ Ueber die Synthetischen Processe und die Bildungsart des 
Glykogens im thieriscben Organismus.”— c Pfliiger’s Arch.,’ 1888). 

The results of more recent observations bave not, however, confirmed the former 
part of the statement, that the conversion of glycogen to sugar is a purely chemical 
act; and at present there is a tendency to view the conversion of glycogen as due, 
not merely to a chemical process, the result of the action of a soluble ferment or 
zymin, but to some process connected with the metabolic changes in the liver-cells. 

While Bernard was undoubtedly influenced, in coming to his conclusion, by the 
then recent discovery of the amylolytie action nf the zymins —diastase, ptyalin, and 
the pancreatic ferment—the physiologists of the present day, influenced by the 
discovery of the true nature of the activity of secreting epithelium, naturally tend to 
regard the processes in the liver-cells as identical with these. 

The direct experimental evidence on this matter is, however, far from satisfactory; 
and the object of this paper is to attempt to give a definite answer to this important 
question. 

In considering this question it is necessary to bear in mind the chemical relationships 
of the various carbohydrates. 

The simplest members of the group formerly known as the glucoses, now better 
known as the monosaccharids, are the aldehyds (e.g., dextrose) or ketones (e.g., lsevu- 
lose) of a hexatomic alcohol, occurring in at least three isomeric forms, having the 
formula C fl H 8 (OH) a . 

By the polymerization of two molecules of such monosaccharids with dehydration, 
the group of disaccharids, having the formula C 12 H 22 O n is formed. Of this series, 
the members best known are maltose, formed by the union of two molecules of dextrose; 
saccharose, or cane sugar, formed by the union of a molecule of dextrose and of 
lsevulose ; and lactose, composed of a molecule of dextrose and one of galactose. 

By further polymerization and dehydration a series of polysaccharids, consisting of 
the dextrins and starches, animal and vegetable, and the gums, is produced. The 
most complex have molecules of enormous size, the molecule of starch being possibly 
composed of no less than 120 dehydrated monosaccharid molecules, 120 (C 6 H 12 O a —H s O). 
From such bodies to the disaccharids, the dextrins form a continuous chain of less 
and less complex substances. 

The conversion of glycogen to sugar is thus a double one of disintegration and 
hydrolysis. It may be brought about by various agencies, 

1st. By the action of dilute mineral acids at a high temperature. 

2nd_ By the action of such zymins as occur in the saliya and pancreatic juice, 

3rd. By the action of various micro-organisms. 

4th. By an unknown process in the liver during life and after death. 

It is with the nature of this process that we have at present to deal. 

The possibility of the process being due to the action of an acid in the living body 
may be at once dismissed. The post-mortem development of acid in the liver some- 

2 h 2 
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wliafc complicates the problem, and this part of the subject will be afterwards dealt 
with. The question is, therefore, whether the change is due to a zymin developed in 
the liver, or whether it is dependent on the metabolic processes which constitute the 
life of the liver cells. 

That an amylolytic ferment can be extracted from the dead liver there can he no 
doubt. Eves (* Journ. of Phys./ 1884, vol. 5) gives a rgsumS of the literature upon the 
existence of such a ferment, and points out that the evidence seems to show that “ the 
liver can scarcely be regarded as a more prolific source of such ferment than are the 
other tissues of the body.” 

Her experiments conducted in the Physiological Laboratory of Cambridge showed 
that an amylolytic ferment may undoubtedly be isolated from the liver of the sheep, 
which brings about a slow and incomplete conversion of glycogen into a sugar, which 
she considered to be probably maltose. The nature of the sugar produced we shall 
again have to refer to. 

Dastre (‘Arch, de Physiol.,’ 1888, p. 76) also considers the literature on the 
isolation of an hepatic amylolytic ferment, and mentions the researches of Epstein 
and Muller, and of Abeles, which are not quoted by Eves. In his experiments he 
endeavours to show'that the so-called ferment action is really due to the influence of 
micro-organisms, and not to a zymin, (For the experiments on which he bases this 
conclusion, see be . tit, p. 81 , et seq). 

As to the intra vitam conversion of glycogen he says, “la transformation du 
glycogkne en Bucre n’est pas le rdsultat de Fintervention d’une diastase, separable, 
isolable. Elle est le fait de Factivit^ vitale des cellules hdpatiques ” 

To establish this thesis he endeavoured to show that all factors which slow or arrest 
the aotivity of cells, slow or arrest the transformation of glycogen; while they do not 
act in the same way on the activity of diastase (p. 94). 

He points out that Langendorff in 1886 (‘ Arch, de Physiol.’) expressed the same 
view, without giving any evidence, A similar view is expressed, though also without 
experimental evidence, by Eves (ha tit), byBANSOME (‘Journal of Physiol.,’ 1887, 
p. 113), and by Neumeister (‘ Lehrbuch der physiologischen Chemie,’ 1893, p. 258). 
Heumeibter says, p. 259, “ Die Leber, einem lebenden Tiere schnell entnommen 
und sogleich in siedendes Wasser verbracht, enthalt in der That Zucker, dessen Menge 
0.2-0.6 Proz. betragt. Diese Zuekermenge vermehrt sich allerdings schnell beim 
Liegenlassen des ausgeschnittenen Organs, aber keineswegs durch eifien postmortalen 
Yorgang, sondem im Gegenteil, weil das tiberlebende Protoplasma der Leberzellen 
noch weiter umsetzend auf,das Glyfeogea einwirkt, wahrend der gebildete Zucker 
nicht durch die Cirkulation fortgefrihrt wird/’ 

While such observations gofer to throw doubt upon Bernard’s conclusion that the 
^ glycogen to sugar is a chemical aeWthe result of the action of a soluble 
• ■ independent of the life of the liver cells, they cannot be considered to 

&H: The recent researches of Bial and BoBm^^PflUger’s Arch., 1 vols. 52,58 
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and 54) on the diastatic ferment of the blood, producing a true glucose from glycogen 
and starch, would rather favour the older view of Bernard. 

The question must still be considered as open and requiring further investigation. 

In carrying out such investigation, the first question to be answered is—how far is 
the process of glycogen conversion dependent on, or independent of, the life of the liver 
cells ? The enormous post-mortem production of sugar from glycogen would at first 
sight seem to indicate that the process is independent of the vitality of the liver. But 
the continued life of many tissues, e.g., of muscles, &c., after the death of the animal, 
must be borne in mind in considering the changes in the liver after somatic death. 

The first part of this research then concerns :— 


I. THE RELATIONSHIP OP GLYCOGEN CONVERSION TO THE CONDITION OP 
THE LIVER CELLS. 

For this purpose the excised liver was used. As the object of the experiment was 
not to maintain as long as possible the vital processes in the liver cells, but merely to 
contrast their results with the changes subsequently occurring, it was not considered 
necessary to maintain the circulation by the perfusion method. 

The roughly-minced organ, from the animal just killed by a blow behind the head 
and then bled, was placed in 0’75 per cent, salt solution, and maintained at the tem¬ 
perature of the body in an incubator with or without a current of air. 

This method of studying the chemical changes in various organs, with the use of 
diluted defibrinated blood instead of salt solution, was first used by Pfluger. In a 
paper, “ Der lebendige Organbrei und die Topographic des physiologischen Chemis- 
mug” (‘ Pfltiger’s Arch./ yol. 23, p. 172), he strenuously defends its use against the 
attacks of Andeer and W. Kochs. 

In the hands of Btjnge and Schmiedeberg, and of Schmidt and his Dorpat 
scholars, the method has also yielded valuable results. 

In endeavouring to trace the connection of glycogen conversion to the condition of 
the liver cells, it is necessary, in the first instance, to have a knowledge of the rate at 
which the glycogen disappears, at various periods, in the special conditions under 
which the liver is being observed. 

A. The Bate oe Conversion of Glycogen. 

. This has not been investigated in the special conditions described above. On the 
excised liver simply kept at the temperature of the room two series of observations 
have been made bearing upon this question. 

Seegen (“ Studien liber Stofiwechsel/’ p. 405, et seq.) } in a series of observations, in 
which he endeavoured to disprove the connection of sugar formation with glycogen for: 
ination, estimated the glycogen and glucose in the liver at different periods post-mortem, 
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He gives a table of the amount of glucose found in the liver of five dogs, which shows 
that in the first hour there was a gain of 43'5, 39*4, 40*0, 44*3, 67*7 per cent., an 
average of nearly 47 per cent. Daring the next twenty-four hours the gain was 
28*7, 41*4, 26*0, 40*1, and 32*0 per cent., an average of 33*6 during the whole period, 
or of 1*4 per cent, per hour. 

Dalton ( c Treatise on Human Physiology/ p. 196) gives the results of three 
observations on the post-mortem production of sugar in the liver, from which the 
following table has been constructed. 

Experiment 15. 

Eire seconds after death, liver contained 0T81 per cent, glucose. If none was present during life, 
daring this interval glucose must have been produced at the rate of 1'372 per cent, per minute. 

Fifteen minutes after death, the liver contained 0*679 per cent, glucose, an increase of 0*498 per cent., 
or of 0*033 per cent, per minute. Sixty minutes after death, the liver contained 1*026 per cent, glucose, 
an increase of 0*347 per cent., or of 0*007 per cent, per minute. 

Experiment 19. 

Five seconds after death, liver contained 0*3854 per cent, glncose, equivalent to the production of 
4*248 per cent, per minute. 

After six honrs, the liver contained 1*1458 per cent., an increase of 0*7604, or of 0*0021 per cent, per 
minute. 

Experiment 20. 

Four seconds after death, the liver contained 0*2675 per cent, glucose, a production of 4*012 per cent, 
per minute. One hour after death, there was 1*1888 per cent, glncose, an inorease of 0*9213, equal to 
0*015 per cent, per minute. 

Four hours after, the glucose was 1*3361 per cent., an increase of 0*1475 per cent., or 0*0008 per cent, 
per minute. Twelve hours after, the glucose was 1*5317 per cent., an increase of 0*199 per cent., or 
0*0004 per cent, per minute. 


Both these series of experiments indicate an enormously active production of sugar 
in the liver just after death, and a progressively slower production during .a later 
period. 


Prom these observations it is impossible to draw absolutely definite conclusions as 
to the actual production of glucose or the disappearance of glycogen, because it is 
quite possible that carbohydrates other than glucose may he produced, and that the 
sugar, after being produced, may be destroyed. The observations of L^pdje and 
Barral ( f Comptes Bendus/ voL 112 and 113) on the glycolytic action of tbe blood 
go far to prove the possibility of this occurring. 


Por this reason it was considered desirable to investigate directly the changes in 
hepatic glycogen at different periods after death, the liver being kept in the condition 
a£*^ descnbecL. 


, rabbits in a good state of nutrition, usually fed on oats and 
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bran with some green food, were used. The animal was killed by a blow behind the 
ears, and the carotids were at once severed, and the animal thus thoroughly bled. 
The abdomen was opened, and the inferior cava and portal vein were found collapsed 
and containing little blood. The liver was excised and the gall bladder torn away 
from it. On squeezing little blood could be expressed. The organ was then rapidly 
minced with a sharp razor and divided into several parts. 

One of these was at once thrown into actively boiling water. The other portions 
were placed in wide-mouthed bottles containing about 150 cub. centims. of 075 per cent, 
salt solution, at a temperature of 37° to 40° C., and kept at this temperature in an 
incubator with or without a current of air for definite periods. At the end of the 
period the bottle was removed, and the contents thrown into boiling water and boiled 
actively for five minutes. 

For the extraction of glycogen Brucke’s method was usually employed. In some 
cases Kulz’s potash method was used. Vintschgau and Deetl (‘ Pfiuger’s Arch./ 
vol. 13, pp. 253, 187) have shown that boiling with caustic potash causes a dis¬ 
appearance of a considerable quantity, sometimes as much as 10 per cent, of glycogen. 
This observation is confirmed by Kulz ( £ Ztsch. f. Biol./ vol. 22, p. 178). Kulz 
claims for his method in the case of the liver no greater accuracy than Brucke’s. 
He says (p. 193) : “ Sie gibt bei der Leber mindestens ebenso gute und beim Muskel 
entschieden bessere Besultate.” 

Seeing that the results given are no better than those obtained by simply boiling, 
the latter method was preferred, because it was found that the enormous proteid pre¬ 
cipitate thrown down by the mercuric potassic iodide in Kulz’s process required such 
prolonged and copious washing that the volume of the filtrate was inconveniently 
large, and that enormous quantities of alcohol were required for the subsequent 
precipitation of the glycogen. 

To remove the glycogen as completely as possible, the proportion of water used was 
always large in relationship to the amount of liver substance A piece of liver of 
from 5 to 10 grms., finely pounded after the initial boiling, was boiled in a vessel con¬ 
taining over a litre. The boiling was continued for many hours—usually, at least, 
twelve, the vessel being filled as the water evaporated. Three times in the course of 
the extraction the extract was passed through a linen filter and the pounded liver 
well squeezed. The residue, on being treated with caustic potash, and then pre¬ 
cipitated with mercuric potassic iodide, gave only occasionally a faint trace of the 
glycogen reaction with iodine. 

The voluminous filtrate was evaporated to about 200 cub. centims., treated with 
hydrochloric acid and mercuric potassic iodide, and filtered. The precipitate was well 
washed with water containing mercuric potassic iodide and acid. To the filtrate 
four times its volume of methylated spirits was added; and, after twenty-four 
hours, the precipitate was brought on a dried and weighed filter paper, and washed 
first with 60 per cent, alcohol, secondly with methylated spirit, thirdly with absolute 
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alcohol, then with ether, and finally with absolute alcohol. It was then dried at 
110° C. The ash was not determined. Fsaenkei/s (‘Pfliiger’s Arch./ vol. 52, 
p. 125) recently introduced method was tried, but was found to yield unsatisfactory 
results. 

It may be urged that Kulz’s observations point to so many fallacies in connection 
with any method of glycogen determination as to render the results of little value. 
But it must be remembered that, if the determinations are made under precisely the 
same conditions, the deficit will be fairly constant. The actual results obtained seem 
to indicate that the method is practically much more accurate than it appears on 
theoretical consideration. This is well shown by these experiments, in which both the 
glycogen and sugar were determined. 


Experiment 18. 



Time after death. 


2 minutes. 

24 hours. 

Glycogen. 

5*88 

0-55 

Glucose . . . 

trace of reduction 

5-29 

Total carbohydrates. . . 

5-88 

5-84 


Experiment 19. 



Time after death. 


2 minutes. 

45 minutes. 

135 minutes. 

315 minutes. 



Chloro- 

No chloro- 

Chloro- 

No chloro- 

Chloro- 

No chloro- 



form. 

form. 

form. 

form. 

form. 

form. 

Glycogen . . . 

7*09 

5*68 

6*23 

5*00 

5*60 

4*60 

5*42 

Glucose. . . , 

0*23 

. 1*39 

0*98 

1*96 

1-66 

2*53 

1*88 

Total carhohy-1 
drates / 

7*09 to 7*32 

7*07 

7*21 

6*96 

7*20 

7*18 

7*20 


An objection to every method of determining glycogen by precipitating it with 
alcohol is that some of the dextrins may also be in part thrown down, and be 
reckoned along with the glycogen. It would, perhaps, therefore, be better to call the 
obtained u carbohydrates precipitated by 60 per cent, of alcohol,” instead of 
but with this proviso it is needless to use such a cumbrous phrase, 
the sugar was also determined, the following method was employed. One 
half of Ike aqueous extract of the liver was heated and to it perchloride of iron in 
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sufficient amount to precipitate both proteids, and glycogen was added along with 
acetate of soda. The mixture was then neutralized with a solution of carbonate of 
soda and the clear watery fluid tested for glycogen by acidifying and adding iodine. 
If glycogen was present, the process was repeated. The dear fluid was then filtered off, 
the precipitate being well washed with hot water and the washings united to the filtrate. 

This was then evaporated to a convenient volume, and the sugar determined volu- 
metrically as glucose , by means of Fehling’s solution, sometimes with the addition of 
ferrocyanide of potassium (Cattsse, ‘Journal de Pharmacie et de Chimie,’ 1889. 
Dastbe, ‘Arch, de Physiol.1891). 

The following experiments were performed on the rate of conversion of hepatic 
glycogen. 

Experiment 1. 6.2.93. 

Rabbit killed at 1.5 p.m. Liver divided into tliree large pieces, A, B, C. 

A weighed 5*1 grins, placed in boiling water at 1.6 p.m. 

B „ ll'l „ „ 1.10 P.M.— 4 minutes later. 

0 „ 5-5 grms., placed in 0*75 per cent. NaCJl solution, and kept at 35° to 39° C. till 5 p.m. 

(236 minutes), then boiled. Glycogen estimated by Beucke’s method. 

A. Glycogen = 0‘195 grin. = 3'82 per cent. 

B. „ = 0-338 „ = 3*00 „ 

C. ' „ = 0-119 „ = 2*16 

In first 4 minutes 0*82 grm. of glycogen per 100 parts of liver disappeared, equal to 2-05 in 
10 minutes. 

In next 236 minutes 0-84 grm. of glycogen per 100 parts of liver disappeared, equal to 0"035 in 
10 minutes. 

Experiment 2. 10.2.93. 

Rabbit killed at 1.15 p.m. Liver divided into several parts, A, B, 0, D. 

A weighed 8*4 gnus., placed in boiling water at 1.17 p.m. 

B „ 8*6 grms., placed in 1'5 per cent. HaGl. 

c 10-1 . 

D , 8-7 „ . 

B kept at 40° C. till 2 p.m., then boiled. 

0 „ „ 3.30 p.m., then boiled. 

D - „ „ 6.30 p.m., „ 

Glycogen estimated by Bhucke’s method, one half of the aqueous extract of each being taken for the 
purpose. The other half was treated by Schmidt Mulheim’s method, and the glucose estimated by 
means of Eehling’s solution without the addition of ferrocyanide of potassium. The end reactions were 
not well marked. 

Glycogen. 


A. 

Glycogen = 0*292 grm. 

= 7*00 per cent. 

B. 

» = 0-268 „ 

= 6*23 „ 

C. 

„ = 0*281 „ 

= 5*6 

D. 

„ =0*233 „ 

= 5*42 


2 X 



MDCCCXCIV. —B. 
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Glucose . 



Glucose in gnus, in liver 
taken. 

Per cent, of glucose in 
liver. 

A. 

less than 0*01 

less than 0*23 

B. 

0*042 

0*98 

C. 

0*083 

1*66 

D. 

0*081 

1*88 


In first 4o minutes 0*86 grm. of glycogen per 100 parts of liver disappeared, equal to 0*19 in each 
10 minutes. 

In the next 90 minutes 0*63 grm. disappeared, equal to 0*07 per 10 minutes. 

In the next 180 minutes 0*18 grm. disappeared, equal to 0*01 per 10 minutes. 

Experiment 3. 13.2.93. 

Rabbit killed at 1.23 p.m. Liver cut up into A, B, and C. 

A weighed 6*2 grins., placed in boiling water at 1.25 p.m. 

B „ 4*0 „ „ „ 1.35 p.m., 10 minutes later. 

C „ 5*1 „ 0*75 pBr cent. NaCl solution and kept at 37° 0. till 3 P.M., then hoiled. 

Glycogen estimated by BrOckb’s method. 

A. Glycogen = 0*405 grm. = 6*53 per cent. 

B. „ =0*239 „ =5*97 

C. ' „ = 0*279 „ = 5*47 „ 

In first 10 minutes 0*58 grm. of glycogen per 100 parts of liver disappeared. 

In the next 85 minutes 0*5 grm. disappeared, equal to 0*058 per 10 minutes. 


Experiment 4. 13.1.93. 


Rabbit killed at 12.58 p.m. Liver minced and divided into A, B, C, D, and E: 
A weighed 10*6 grins., placed in boiling water at 1 p.m. 

B « 10 « 0*75 per cent. NaCl solution at 1.1 p.m, 

0 » 11’* « „ „ „ 1.2 p.m. 

® » 11’® » » » „ 1.3 P.M. 

® ** 11*® ” » » » 1.4 P.M. 


J3 kept at 40° C. for 1 hour (60 minutes). 

® n n 2 hours 35 minutes (155 minutes). 

B 4 „ 15 „ (255 „ ) 

B >» h ^ 15 „ (375 „ ). 

Glycogen extracted hy ELunz’s method. 


A, Glycogen 

= 1*164 grm. = 30*981 per cent. 

B. „ 

= 1*025 „ =10*250 „ \ 

c... „ 

= 1*095 „ = 9*776 


= 1*155 „ = 9*664 

B. « 

= 1*004 „ = 9*127 
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Cultures (m agar-agar from each gave free growth of micro-organisms, E had very strong smell. 

In first 60 minutes O'730 grin, of glycogen per 100 parts liver disappeared, or 0T22 per 10 minutes. 
In next 95 minutes 0‘273 grin, disappeared, or 0*03 per 10 minutes. 

In next 100 minutes 0T12 grm., or 0*0112 per 10 min utes. 

In next 120 minutes *537 grm., or 0*045 per 10 minutes. 


Experiment 5. 3.5.93. 


Rabbit killed at 12.35 p.m. Liver divided in A, B, C. 

A weighing 10 gnns., was placed in boiling water at 12.29 p.m. 

B „ 8 „ „ „ • 12.32 p.m. ‘ 

C „ 9*3 „ „ ’ 12.42 p.m. 

Glycogen by Brucke’s method. 


A. Glycogen = 0*861 grm. = 8*61 per cent. 

B. „ = 0*669 „ = 8*36 

C. „ =0*689 „ =7*4 

In first 3 minutes 0*25 grm. of glycogen per 100 parts of liver disappeared, or 0 83 grm. per 
10 minutes. 

In next 10 minutes 0*90 grm. of glycogen per 100 parts of liver disappeared, or 0*9 grm. per 
10 minutes. 



Humber of 
experiment. 

Time in 
minutes from 
commencement. 

Loss of glycogen 
per 100 parts liver. 

Loss of glycogen 
per 100 parts liver 
per 10 minutes. 

1st bour 

5 

3 

0*25 

0*85 


1 

4 

0*85 

2*05 


3 

10 

0*58 

0*58 


5 

13 

1*21 

0*93 


2 

45 

0*86 

0*19 

J} 

4 

60 

0*731 

0*122 

2nd hour 

3 

95 

0*5 

0*05 

3rd „ 

4 

155 

1*49 

0*07 

4th „ 

1 

240 

1*66 

0*069 

5th „ 

4 

255 

1*205 

0*051 

6th „ 

2 

315 

1*67 

0*05 

3 > )> | 

4 

375 ^ 

1*855 

0*049 


In the next experiment the increase in glucose as indicated by the reducing power 
of the aqueous extract of the liver was estimated. 


Experiment 6. 23.1.93. 


Rabbit killed at 12.55 P.M. Liver divided into pieces A, B, C, and 3>. 
A weighed 6*2 grms., placed in boiling water at 1 p.m. 

B „ 6*1 „ „ 0*75 per cent. Had solution, sterilizod. 

C „ 7*2 „ „ 0-75 „ 

I) „ 6*6 „ „ 0*75 „ „ » 


2 I 2 
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B kept at 40° 0. till 2 p.m. (1 hour). 

0 „ „ 5 p.m. (4 hours). 

D „ „ 10 p.m. (9 „ ). 

Glucose extracted as in Experiment 2. 

Filtrate of A. Glucose = 0*593 per cent. 

„ B. „ = 0*175 grms. = 2*87 per cent, in liver. 

„ C. „ =0*26 „ =3*61 

„ D. = 400 cub. centims. (underwent fermentation before glucose was estimated). 

Glucose formed per 10 minutes:— 

During first hour.0362 per 100 parts of liver. 

From first to fourth hour.0‘04 „ „ 

Cultures on glycerine agar from B and C gave no growth of micro-organisms. 

These experiments dearly show that the great and active disappearance of glycogen 
in the liver , Icept in normal saline at th-e body temperature , is during the first half-hour , 
that the rate of conversion steadily diminishes during the first hour, and that after two 
hours it goes on at a very slow rate indeed . 

The next point to be investigated is the relationship of the liver cells to these 
changes. 

This may be studied in two ways :— 

1st. By observing the influence of the destruction of the structure of the liver cells 
on the amylolysis.* 

2nd. By investigating the changes which take place in the cells of the liver kept 
under the conditions above described. 

B. Influence of Destruction of the Morphological Structure op the Liver 
Cells on Hepatic Amylolysis. 

To destroy the cells, without in any way interfering with the possible action of 
any soluble ferments, the method of thoroughly rubbing a piece of liver up with fine 
clean sand was employed. The rabbit was killed in the usual manner and then 
pieces of the liver were taken. One of these was rubbed with sand till the whole 
became of a fine uniform cream-like consistence, in which microscopic examination 
revealed no structure. This was placed in about 150 cub. centims. of 75 per cent.' 
salt solution, at from 37° to 40° 0. Another portion, roughly minced, was at the 
same time put into an exactly similar solution, while the third part was at the Same 
moment thrown into boiling water. The first two portions were kept in the 
incubator for varying periods, and were then boiled' and the glycogen extracted, 
as above described, 

* Throughout this paper amylolysis is used as a convenient abbreviation for “ conversion of glycogen 
to glucose.” 
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Expebiment 7. 13.2.93. 

Rabbit killed at 1.22 p.m. Liver divided into parts A, B, C. 

A weighed 5*7 grms., rubbed with sand in mortar and placed in 0*75 salt solution at 37° C., at 
1.35 p.m. 

B weighed 6*3 grms., roughly minced and placed in salt solution as above at 1.35 P.M. 

0 weighed- 4*0 grms., placed in boiling water at 1.35 p.m. 

A and B kept at 37° 0. till 3*10 p.m. = Glycogen by BeiIcke’s method. 

A. Glycogen = 0*312 grm. = 5*47 per cent, (slight loss due to cracking of beaker from 
bumping caused by sand). 

B. Glycogen = 0*278 grm. = 4*41 per cent. 

O. „ =5 0*239 „ =5*97 „ 


Experiment 8 . 3.4.93. 

Rabbit killed at 11.42 a.m. Liver divided into parts A, B, and G. 

A weighed 11*3 grms. pounded with sand as in last experiment, and placed in salt solution at 37° O., 
at 11.48 a.m. 

B weighed 10*7 grms. minced and placed in salt solution, as above, at 11.48 A.M. 

C weighed 8*6 grms. placed in boiling water at 11:48 a.m. 

A and B kept at 37° to 40° C., till 3.50, and then boiled. 

A. Glycogen = 0*572 grin. = 5*061 per cent. 

B. „ =0*25 „ =2*336 „ 

C. „ = 0*453 „ = 5*267 „ 


Experiment. 

Check. 

. Minced. 

Pounded. 

Time. 

VII. I 

5*97 

4*41 

5*47 + 

hrs. min. 

1 48 

VIII. 

5*267 

2*336 

5*061 

4 8 


The results of these two experiments are so fully confirmatory of one another that 
it was not considered necessary to extend the series. They show very clearly the 
enormous diminution in the amylolysis induced by destroying the structural integrity 
of the liver cells: But at the same time they show that , though retarded , the con¬ 
version of glycogen is not completely stopped. 

0. Structural Changes Taking Place in Cells oe Liyer kept in 0*75 Salt 
Solution at the Body Temperature. 

The cellular death- of an organ must be a slow and gradual process, not only as 
regards the individual cells in which the vital chemical changes probably slowly 
diminish and disappear, but also as regards the cells in mass, since experience shows 
that certain cells cease to act sooner than others. - . - . 
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It is impossible, by tlie microscopic examination of the cells, to say when the 
chemical changes, which constitute their life, have ceased. But it appeared probable 
that as these chemical changes diminished, the reaction of the cell to certain re-agents 
might alter, or that soon after the chemical changes had ceased, disintegrative changes 
might manifest themselves in the cell. 

L Ehrlich’s researches Cbt. f. d. med. Wissen.’, 1885, p. 113) induced me to try 
if, in methyl blue, a re-agent might be found which would indicate the cessation of 
active chemical changes. 

For this purpose the reactions of tliis substance with ciliated epithelial cells and 
with leucocytes—the metabolic activity of which is so clearly indicated by movements 
—were studied, (a) Scrapings from the palate of a recently killed frog were spread 
on cover glasses and mounted in a *4 per cent, solution of methyl blue in 0*75 per 
cent, salt solution. 

It was found that the cells exhibiting active ciliary movement remained unstained, 
while those in which the ciliary movement had ceased, and the connective tissue 
cells, were all markedly stained—the nucleus being of a deep blue, the protoplasm of 
a paler blue. As the ciliary movement diminished and stopped, the previously active 
and unstained cells became blue. (£) The leucocytes of the frog’s blood mounted in 
this solution remained uncoloured for fifteen or twenty minutes and then stained in 
the same maimer as the ciliated cells. 

In the case of the liver, when scrapings of the organ just excised from frogs or 
rabbits were treated with methyl blue in 0*75 per cent, salt solution in the cold, the 
cells and nuclei stained at once and deeply. 

When the cells from the rabbit were treated with methyl blue solution at a tem¬ 
perature of 37° C. and examined in the warm stage at 37° C. the staining of the 
cells occurred just as in the cold. 

The metabolic processes in liver cells, therefore, seem too slow to be indicated by 
their reaction with this colouring matter. 

II. Another manner in which the cessation of active chemical changes might be 
made manifest is the occurrence of structural changes in the cells. Of course the 
onset of such changes may he the result of alterations in the metabolic processes or it 
may mark the commencement of post-mortem disintegrative changes. 

The examination of liver cells at different periods after the excision of the organ, 
whether it be kept under the conditions described on p. 239 or simply allowed to lie 
in the room, shows the development of marked and interesting modifications in the 
structure of the cells. 

Methods. 

1. A fresh section of the liver was scraped and cover-glass preparations of the 
scraping made in the usual manner, These were examined;— 

a. Unstained in 0*75 per cent, norma! saline solution. 



DR, D. NOEL PATON ON HEPATIC GLYCOGENESIS. 


247 


/3. Stained in 0*4 per cent, solution of methyl blue in 075 saline. 

y. Stained in Lttgol’s iodine iodide of potassium solutioD. 

2. Similar cover-glass preparations were fixed in absolute alcohol and then stained 
in hsematoxylin and eosin, mounted in balsam, 

3. Pieces of the liver were hardened in absolute alcohol, embedded in par affin and 
sections prepared in the usual way, and stained with hsematoxylin and eosin or with 
Ehrlioh-Biondi’s solution. 

The specimens were studied with a Leitz 7 objective, a Zeiss F., and a Zeiss 
apochromatic oil immersion, 3 m.m. 

The examination of fresh cover-glass preparations stained with methyl blue is of 
special value in demonstrating the changes in the cell-substances, while the nuclear 
changes are more clearly seen in specimens hardened in alcohol and stained with 
hsematoxylin and eosin. 

The structure of the liver cell has been described by various histologists. Langley 
(‘ Boy. Soc. Proc.,’ vol. 34, p. 20) gives some account of the previous work upon the 
subject, and, as the result of his own investigations, describes the cell protoplasm as 
consisting of a network, the meshes of which, throughout the cell, being of much the 
same, size, and the outer part of the cell being formed by a thin layer of slightly 
modified protoplasm. The interfibrillar paraplasm he describes as consisting of— 
1. Spherical granules, probably proteid in nature; 2. Spherical globules of fat; 
3. Hyaline substance filling up spaces not occupied by granules. He does not state 
whether this description applies to the living cell or to cells after hardening by the 
methods described in the paper. 

The description and figures of the structure of the liver cell given in voL 4 of the 
5th edition of Foster’s ‘Physiology’ are founded upon these observations of 
Langley. 

Del&pine (‘Boy. Soc. Proe.,’ vol. 49, p. 64), describes Langley’s “ protoplasm net¬ 
work” as the mytoma, and calls the fluid interstitial substance the paramytoma. 
The term paraplasm he reserves for the results of the cellular metabolism, whether 
these be dissolved in the paramytoma or suspended in it as granules, globules, 
crystals, &c. 

Setting aside all theories, what can be observed in the fresh living liver cell stained 
with methyl blue is a fine close network of fibres, which takes up the re-agent, and 
an interstitial material which does nob stain. The network in the living cell is so 
close and fine that the protoplasm appears to be almost uniformly stained of a pale 
grey-blue. In the interstitial material, fat globules may sometimes be seen, and, in 
specimens from well-nourished animals, stained with iodine, this material, either 
throughout the whole cell, or round the nucleus, or towards one or_ other margin, 
becomes of a mahogany-brown colour. 

In fresh living cells I have been unable to see the granules described by Langley, 
These are well seen in hardened specimens. 
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Most commonly there are two nuclei in each cell. These are large and circular, 
with a well-defined nuclear membrane, and a marked chromatin network, and one or 
more nucleoli. I have never, in a healthy adult liver cell, seen a mytotic nucleus. 

The rapidity "with which changes occur in the cells of the excised liver, when 
simply kept in the room or placed in a moist atmosphere in the incubator at 40 0., 
or when kept in 0*75 per cent, saline solution at 40° C., varies enormously in different 
animals. 

In the ce lls of the liver kept at the ordinary room temperature, 16 C., no marked 
changes occur for 12 or 24 hours. If the organ is placed in the incubator, changes 
become m anif est much earlier—within three or four hours. When the tissue has 
been in salt solution in the incubator changes may sometimes be made out within 
an hour, though frequently they are delayed for two or more hours. 

The changes which occur are the same in all cases. 

The first alteration is in the intra-cellular network. This becomes more manifest, 
giving the cells a more granular appearance. After two hours, in specimens kept iii 
salt solution, this change is usually very marked. At first it was thought that this 
was due to the imbibition of fluid from the surrounding solution. - But the same 
changes occur in the cells of the liver when not placed in solution, but kept dry. 

The change once commenced advances slowly. The network becomes coarser, and 
becomes broken up. It still stains intensely with methyl blue, and the cell now 
appears as a clear, colourless structure with masses of the blue-stained network in it. 
These tend to collect round the nucleus. The nuclear changes are usually later in 
occurring, though in one or two cases I have observed them fairly early. The nucleus 
loses its sharp outline, loses its distinct network, and stains more diffusely blue with 
hsematoxylin. After Borne hours it begins to break down and to appear as masses of 
material throughout the cell, stained partly blue with hematoxylin, partly red with 
eosin. - 

• Speaking generally, it may be said that these changes manifest themselves, in the 
liver cells kept at 40° C. in saline solution, sometimes within the first hour, and that 
they become very marked within three hours. 

In specimens placed in salt solution rendered faintly alkaline with carbonate of 
soda the rapidity of the early changes is not as a rule markedly delayed, but the 
late changes may he postponed for a very considerable period. 

In a subsequent -part of this paper it will be shown that the presence of chloroform 
greatly accelerates the initial conversion of glycogen to glucose, hut-that it has no 
action on the slow secondary conversion. In -this connection it is important to notice 
that the presence of- chloroform enormously accelerates the changes just described as 
occurring in the liver cells. In a liver kept in saline solution at 40° Or, through 
which, a stream of chloroform vapour is passed, the changes in the liver cells- are-at 
tbeond of half an- -hour as far . advanced as they are in a non-chloroform specimen 
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after three or four hours. In chloroform livers, at the end of three hours, the intra¬ 
cellular network and the nucleus are both in an advanced state of disintegration. 

Chloroform markedly hastens these changes in the liver cells. 

These observations, taken in conjunction with the last, show that the amyiolysis 
may he divided into an early more rapid stage before and accompanying disintegra¬ 
tion of the liver cells , and a late sloiver stage after disintegration of the cells. 

The difference between these two stages in the amyiolysis is further supported by 
the influence of various other agents. 

D. Influence of Various Factors on Hepatic Amyloltsis. 

1 . Temperature. 

At one time it was pretty universally held that by the influence of temperature the 
living action of cells might.be distinguished from the chemical action of soluble ferments. 

Hofmeister, in his researches on the changes of peptone in the intestinal mucous 
membrane, found that a temperature of 60° 0. arrested these changes, and concluded 
that this indicated that they were dependent on the life of the cells, which he 
supposed was destroyed by such a temperature, and not to a zymin which should have 
acted even after exposure to a higher temperature. 

While undoubtedly certain cells of lower organisms do resist for some time a 
temperature as high as 60° C., I believe Hofmeister is right in concluding that the 
life of the cells of the mammalian body is destroyed by such a temperature. But it 
must be remembered that many ferments, under certain conditions, have their action, 
in part or in whole, abolished by exposure to even a lower temperature than 60° C. 

For these reasons, the influence of temperature on hepatic amyiolysis is by no means 
conclusive as to its nature. 

The following two experiments seem to show that the extensive early amyiolysis is 
stopped by exposure of the liver to a temperature of 60° O. for an hour, while the 
later slower change is allowed to progress :— 

Experiment 9. 22.5.91. 

Rabbit killed at 2.24. layer cut into A, B, and 0. 

A weighing 12*8 grins., was placed at once in boiling water. 

B „ 13*5 „ „ in 0*75 per cent. NaCl at 60° O. 

0 i) 11*7 „ „ „ „ „ 40° C. 

B and 0 were kept at these temperatures till 3.25, when B was cooled to 40° C. and left at this 
temperature with G till 6.15, when both were hoiled. 

Glycogen by BrUcke’s method. 

A. Glycogen = 0*103 grm. = 0*804 per cent. 

B. „ = 0*093. „ =0*69 

C. „ = 0*023 „ - = 0*196 

2 K 
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Experiment 10. 3.6.91. 

Rabbit killed at 11.37. Liver cut into A, B, and C. 

A weighing 12’7 grms., placed at once in boiling water. 

B „ 1P3 „ „ in 0‘75 per cent. NaCl at 60° C. 

0 ,» 13-1 „ „ „ „ 40° C. 

B and C kept at these temperatures till 12.20 then cooled to 40° C. and kept with C at this till 4.30, 
when both were boiled. 

Glycogen by Brucke’s method. 

A. Glycogen = 0*104 grm. = 0‘811 per cent. 

B. „ = 0-079 „ =0-700 

C. „ = 0-050 „ = 0-450 

The cells of the liver, subjected to a temperature of 60° C. for about an hour, show 

a peculiar change very different from that so rapidly produced by chloroform, and 
which occurs more slowly in livers kept at 40° C. Here the protoplasm becomes filled 
with minute granules, apparently due to precipitation of proteids. 


2. Fluoride of Sodium . 

Within the last year Aethtjs and Huber (‘ Arch, de Physiol., 5 5th series, vol. 4, 
p. 651) have maintained that a 1 per cent, solution of fluoride of sodium destroys the 
activity of living protoplasm, but does not interfere with the actions of enzymes. 
They give experiments on the influence of this substance on the post mortem pro¬ 
duction of sugar in the liver as estimated by the amount of sugar present after periods 
of twenty-four hours and more, which show that the production of sugar is not 
stopped. They say <£ On peut done conclure que la transformation du glycogbne en 
sucre dans le foie sdpard de Torganisme est un ph&iombne de fermentation par 
ferment soluble. 55 

With this substance I have made two experiments which clearly show that the 
early rapid amylolysis is retarded, although the later slower conversion may be 
allowed to go on aB shown by Aethtjs and Huber, 

Experiment 11. 15.4.93. 

Rabbit killed at 11.38. Liver divided into A, B, and G. 

A weighed 3*0 grms,, placed in boiling water at 11.40. 

B 5-1 „ „ 0-75 per cent. NaCl at 40° 0. at 11.41. 

» . 5*6 „ » l'O „ fluoride of sodium solution at 40! C. at 11.42. 

B and C kept at 40° C. till 1.38, then boiled. 

Glycogen by Bsugee’s method. 

A. Glycogen weighed 0'246 grm. = 8*22 per cent. 

>7 „ 0-270 „ = 5‘29 

C. » «, 0-459 ,/ = 8*19 
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This experiment is not quite satisfactory since fluoride of sodium is not fully soluble 
in 60 per cent, of alcohol. 

For this reason the influence of the fluoride on the amount of sugar produced was 
studied. 

Experiment 12 . 7.6.93. 


Rabbit killed at 10.45 A.M. Liver divided into A, B, and 0. 

A weighed 15 grins, in boiling water at 10.47. 

B „ 10*48 grins, in 1 per cent. NaCl at 10.4S. 

C ,, 10'49 „ „ „ fluoride of sodium, at 10.49. 

B and 0 kept at 37° to 40° G. till 11.50, then boiled. Glucose as in previous experiments. 



Glucose in extract. 

Glucose per cent, in liver. 

A. 

0-068 

0-43 

B. 

0-196 

1-63 

C. 

0138 

0-86 


This substance does not accelerate the disintegration changes in the liver cells 


described on p. 248. 


3. Chloroform. 


Early in the investigation, the use of chloroform water, to distinguish between the 
vital action of cells and the influence of a soluble ferment, was suggested by a first 
glance at Salkowski’s paper “ Ueber Autodigestion der Organ e” ( c Ztsch. f. klin. 
Med., Sup. Jubelhefib, 5 1890, p. 77). In this he maintains that, while chloroform 
water entirely prevents the action of living cells by stopping their metabolism, it 
in no way interferes with the action of the soluble zymins.* He gives one experiment 
to show that the amylolytic ferment continues to act in chloroform. 

Experiment 3. (p. 90.) 

Liver divided into two parts of 23 grms. 

A. in 400 cub. centims. of chloroform water. 

B. sterilized by boiling, then put in 440 cub. centims. of chloroform water. Both were digested for 
68 hours. 


In solution. 

A. 

B. 

Sugar. 

Glycogen. 

Abundant, 

None. 

Trace. 

Abundant. 


The quantitative determination of sugar gave in 1000 grin. liver, 

A. 48-23 

B. 3-65 _ 

* MOntz (* Compt. Rend.,* 1875, p. 1251) had fifteen years previously stated that chloroform has this 
action. 


2 K 2 
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He concludes this experiment by saying, “ Bezuglich. des Glycogens bestatigt also 
der Yersuch die gelaufige Anschauung, dass die Umwandlung desselben in Zucker 
von einem Enzym abhangt, im Gegensatz zu Dastre, welcher kurzlich zu dem Resultat 
gelangt ist, dass dieser Process von dem Protoplasma der Leberzellen abhangt.” 

Such an experiment in no way justifies his conclusions. 

Further study of this method (Fokker, ‘Fortsch. d. Med.’ 1890, No. 8), as 
admitted by S alk owski (ibid,, 1890, No. 5), shows that chloroform greatly diminishes 
the activity of many unorganized ferments, and therefore cannot be considered of 
much value in the differentiation of zymin action from the vital action of protoplasm. 

The curious and unexpected result obtained in a preliminary experiment, and the 
statement that chloroform administration is followed by the occurrence of glycosuria 
(Hilton Fagge, ‘Principles and Practice of Medicine/ vol. 2, p. 414), as well as 
the experience of Db. Stockman, who tells me that he has frequently, after the 
administration of chloroform to rabbits and dogs, found a fermentable and reducing 
substance in the urine, induced me to study more fully the action of chloroform on 
hepatic amylolysis. 

That glycsemia as well as glycosuria is induced by chloroform has been shown by 
Otto (‘ PflUger’s Arch./ vol. 35, p. 467). He estimated before and after the adminis¬ 
tration of morphin, chloral, and chloroform, the reducing substances in the blood 
before and after fermentation, and found that morphia causes a slight increase in the 
glucose, but a marked increase in the not fermentable reducing substances; that 
chloral has little action on the glucose, but markedly increases the other reducing 
substances, while chloroform has the same action as morphin, but more marked. 

Method. . 

To test the action of this substance upon the changes in the liver, the animal 
was killed as before described, the liver excised, minced and divided into three 
portions, which were weighed; one was instantly plunged into boiling water. The 
other two were placed in bottles containing 0*75 per cent, salt solution at from 37° 
to 40° C. Through one -bottle a stream of air and through the other a stream of 
chloroform vapour were conducted by means of a pump, both bottles being kept in 
the incubator. At the end of varying periods the contents of both bottles were 
boiled and the glycogen extracted. 

Espebiment 13. 28.5,91. 

Babbit killed at 2,28 p.m. liver minced and divided into three parts, A, B, and 0. 

A -weighed 6*1 grms., placed in boiling water at 2.34. 

B » 6*2 „ „ 150 cub. ceoitim., 0‘75 per cent. NaOl solution with stream of chloroform 

vapour at 2.35. 

C weighed 5*9 grms,, placed in 150 cub. centime., 0*75 per cent. NaOl solution with stream' of air 
at 2.35. 

( B imd O kept at 40° C. till 6.15 p.h. (3 hrs. 40 min.). 

Glycogen extracted by Bbucke’s method. 
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A. Glycogen = 0*201 grin. = 3*295 per cent. 

B. „ = 0*060 „ =0*096 „ 

O. No precipitate ■with alcohol. 

Glycogen = 0*00 per cent. 


Experiment 14. 3.6.91. 

Babbit killed at 11.37 a.m. Liver minced and divided into three parts. 

A weighed 12*7 grms., placed at once in boiling water. 

B „ 10*3 „ „ in 150 cnb. centim. of 0*75 per cent. NaOl solution with Btream of 

chloroform. 

O weighed 11*1 grms., placed in 150 cnb. centim. of 0*75 per cent. NaCl solution with stream of air. 

B and C kept at 40° O. till 4.30 p.m. (5 hours). 

Glycogen extracted by Bruoke’s method. 

A. Glycogen = 0*104 grm. = 0*811 per cent. 

B. „ =0*017 „ =0*165 „ 

C. „ = 0*50 „ = 0*450 „ 


Experiment 15. 9.11.91. 

Babbit killed at 12.30 p.m. Liver divided into two parts A and B, 

A weighed 25*2 grms., placed in 0*75 per cent, NaCl. solution with stream of air. 

B „ 23*1 „ „ „ - „ „ „ „ „ chloroform vapour. 

Kept at 40° 0. till 3.30 (3 hours). 

Glycogen extracted by Brooke’s method. 

A. Glycogen = 1*012 per cent. 

B. „ =0*735 „ 


Experiment 16. 22,8.92. 

Babbit killed at 11.30 a.m. Liver minced and divided into three parts. 

A weighed 17*6 grms.', placed in boiling water. 

B „ 15*0 „ „ 0*75 per cent. NaCl solution with stream of air. 

C „ 15*8 „ „ „ „ „ „ „ chloroform vapour. 

B and C kept at 32° to 42° O. till 3.30 (4 hours). 

Glycogen extracted by Br6 gee’s method. 

A. Glycogen = 0*37 grm, = 2*102 per cent. 

B. „ =0*291 „ =1*94 

C. „ = 0*134 „ - = 0*848 „ 

That such results are not peculiar to the rabbit, or to herbivorous animals, is shown 
by the following experiment on the cat:— 
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Experiment 17. 7.3.93. 

A large fat cat "was killed by chloroform and bleeding. The liver was excised, minced, and divided 
into portions A, B, and C. 

A weighed 9*5 gnus, placed in boiling water at 3.35 p.m. 

B „ 10 „ in 0*75 per cent. NaCl with chloroform. 

C „ 11-4 „ „ „ „ without „ 

B and C kept at 37° to 41° C. till 9.10 p.m., then boiled. 

A. Glycogen = 0*197 grm. = 2*07 per cent. 

B. „ = 0*073 „ =0*73 „ 

C. „ = 0*111 „ = 0*97 „ 


SUTOIARY. 


Experiment. 

Cheok. 

Chloroform. 

No chloroform. 

Remarks. 

13 

3*295 

0*000 

0*096 

40° C. for 4 hours 

14 j 

0*811 

0*165 

0*450 

„ * „ 

15 

Lost 

0*735 

1*012 

„ 3 „ 

16 1 

2*102 

0*848 

1*94 

» 4 » 

17 I 

2*07 

j 0*73 

0*97 



This series of experiments clearly shows that in the excised liver the amylolysis is 
enormously increased by the 'presence of chloroform , * 

That the glycogen is converted almost entirely into glucose is shown by the 
following experiment. 


Experiment 18. 28.11.92. 

Babbit killed at 12.20. Liver minced and divided into two, A and B. 

A weighed 12*5 gras.; placed in boiling water at 12.28. 

B „ 22 „ placed in 0*75 per cent, solution of NaCl, with stream of chloroform vapour 

at intervals. 

B kept at 40° O. till 12.30 on 12th. (24 hours). 

Glycogen extracted by boiling as in previous experiments. Extract concentrated. Proteids and 
glycogen precipitated with excess of alcohol, and precipitate well washed with 70 per cent, alcohol. 
Pilferate evaporated to drive off alcohol, and glucose estimated by Behling’s method. Pilter paper and 
precipitate extracted for glycogen by Brucke’s method. 

Glucose, 

A, Piltr&te = BOO cub. centime,, with 1 eentim. of Pehling, only a trace of reduction. 

B. POirate («), Pirst determination, = 1*22 grm, glucose. 

Glucose = 5*54 per cent, of liver. 

{ft) Second determination, = 1*11 grm, glucose. 

Glucose — 5*045 per cent, of liver. 

Mean = 5*292 * - „ 




DR. D. NOEL PATON ON HEPATIC GLYCOGENESIS. 


Glycogen. 

A. Glycogen = 0*735 grm. = 5’8 per cent. 

B. „ =0121 „ = 0*55 „ 


i 

Glycogen. ^ 

Glucose. 

Total carbo¬ 
hydrates. 

Before chloroform digestion . . 

5-8 

0 

5-8 

After „ „ 

0-55 

5-292 

5-842 


It now became necessary to investigate whether it is the initial rapid, or the 
subsequent slower amylolysis, or both, which are accelerated by the presence of 
chloroform. 

For this purpose the following experiment was undertaken :— 

Experiment 19. 10.2.93. 

Rabbit killed at 1.15 p.m., and liver minced and divided into seven portions, A, B, b, C, c, D, d, 

A -weighed 8 - 4 grm. placed in boiling water at 1.17 p.m. 


B „ 

10-2 „ 

„ 1*5 per 

cent. Nad, with Chloroform 

b 

8b „ 

n 9) 

,, without „ 

0 „ 

9-9 „ 

99 99 

„ with „ 

O )j 

10*1 „ 


,, without ,, 

D » 

8*7 „ 

99 99 

„ with „ 

d 

8*7 „ 

99 99 

„ without „ 

B aud b kept at 37° C. till 2 p.m., then boiled. 

G and c 

jj » 

„ 3.30 p.m. 

33 

D and d 

31 3) 

„ 6.30 p.m. 

33 


Aqueous extract divided into equal parts; in one glycogen determined by Bsucke’s method, and in 
the other glucose determined by Schmidt Mulheim’s and Peeling’s methods. 


Glycogen . 

A. Glycogen = 0-292 grm. = 7'09 per cent. 


B. 

= 0-290 

= 5-68 

b. 

= 0-268 

= 6-23 

O. 

= 0-245 

= 5*00 

c. 

= 0-281 

= 5-60 

D. 

= 0198 

= 4-60 

<L 

= 0-233 

vb 

n 
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Glucose contained. 

- 

Glucose per cent. 
Liver. 

A 

-0*01 

- 0*23 

B 

0*071 

1*39 

b 

0*042 

0*98 

O 

0*097 

1*96 

c 

0*083 

1*66 

D 

0*111 

2*68 

d 

0*081 

1*88 



Glncose. 

Glycogen. 


Time. 








Glucose, 

Gain per ten 

Glycogen, 

Loss per ten 



per cent. 

minutes. 

per cent. 

minutes. 


A 

- 0*23 


7*09 



B 

b 

1*39 

0*98 

0*308 

0*218 

5*68 

6*23 

0*31 

0*19 


- 45 minutes 

O 

o 

1*96 

1*66 

0*06 

0*07 

5*00 

5*00 

0*07 

0*07 

• 

j 

■ 45+ 90 minutes 

, D 

i d 

2-58 

1*88 

0*036 

0*012 

4*60 

5*42 

0*02 

0*01 

i 

j 

■45 + 90+180 minutes 


This experiment shows that it is the early amylolysis which is accelerated under the 
influence of chloroform. 

That the amylolysis , subsequent to the destruction of the cells , ^ no£ materially 
influenced by chloroform is shown by the next two experiments. 


Experiment 20. 7.12.92. 

Rabbit killed at 12.55 p.m. 30 grins, of liver pounded in mortar with washed sand, extracted with 
0‘75 per cent. KaCl solution, and squeezed through calico. 1 grm. glycogen dissolved in 0’75 per cent. 
KaCl solution was added to the extract, and the whole made up to 210 cub. centime. This was divided 
intoi— 

A. 70 cub. centime, placed at once in boiling water. 

B. 70 cub. centime, placed in 0*75 per cent. KaCl with stream of chloroform vapour. 

C. 70 cub. centims. placed in 0*75 per cent. HaOl with stream of air. 

B and C kept at 40° till 9 p.m. (8 hours). 

Glycogen extracted by Brtjcee’s method, 

A. Glycogen = 0*656 grm, 

B. ,» = 0*465- „ 

G. „ := 0*499 „ 
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Experiment 21. 28.11.92. 

Rabbit killed at 1 p.m. 32*7 grins, of liver pounded in mortar extracted with 0*75 per cent. NaCl 
solution, and filtered through cotton cloth. 1 grin, of glycogen dissolved in 5*70 percent. NaOlsolution 
was added to this extract, and the whole made up to 250 cub. centims. Of this, 

A. 80 cub. centims. were placed at once in boiling water. 

B. 80 cub. centims. treated with stream of chloroform vapour. 

C. 80 cub. centims. treated with stream of air. 

B and O kept at 40° C. till 5 p.m. (4 hours). 

Glycogen extracted by Brucke’s method. 

A. Glycogen = 0*507 grm. 

B. „ = 0*480 „ 

O. „ = 0*421 „ 


Action of Chloroform on Glycogen of Liver in Living AnimaL 

The practical importance of the glycsemia and glycosuria of chloroform poisoning 
induced me to undertake some observations on the effect of the prolonged adminis¬ 
tration of the drug on the glycogen of the liver of living animals. 

To arrive at definite results from such experiments is by no means easy. In the 
first place, the glycsemia may he due to an increased conversion of glycogen, but this 
may he masked by a concomitant increased formation of the substance in the liver. 
Again, the impossibility of securing anything like an equality in the amount of glycogen 
in the liver of two or more animals, even when kept for long on the same diet and in 
the same conditions, diminishes the value of comparison between the liver of poisoned 
and unpoisoned animals. 

Bohmann ( f Pfltiger’s Arch./ vol. 39, p. 21), for his experiments on the influence of 
ammonia on the hepatic glycogen, used two rabbits kept on the same diet and under 
the saijie conditions for some time, to one of which ammonia was given while the 
other was used as a check ; and these experiments indicate that with care the amount 
of glycogen in the livers of two animals may be made approximately the Bame. ' 

My observations show that the glycogen in the liver of adult animals kept on the 
same diet and in the same conditions does not vary greatly in amount; provided 
always the animals are either maintaining their weight or gaining weight in the same 
proportion, and that the period between death and boiling the liver is sufficiently short. 

This is indicated by the following experiments :— 


Experiment 22. 6.5.87, 

Two young hrown doe rabbits, procured on 26.4.87, and placed in separate cages, on diet of oats and 
water. - • 

MDCCCXGIY,—B. 2 L 
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Weight in grms. 


A. 

B. 

26.4 

1063 

1134 

29.4 

1105 

1134 

30.4 

1105 

1134 

2.5 

1105 

1077 

3.5 

1105 

1105 

5.5 

1134 

1134 

6.5 

1134 

1105 


The rectal temperature of both, on the 6th, was 89° 0. 

Both killed in the usual m ann er. 

A. Liver, without gall bladder, weighed 39‘3 grms., of which 30 grms. were taken for analysis. 

B. Liver „ „ „ weighed 2972 grms., of which all was taken for analysis. 

Several more minutes elapsed between the death of the animal and the boiling of the liver in B 
than in A. 

Glycogen estimated by Lasdwehe’s method (‘ Ztsch. f. physiol. Chemie,’ vol. 8, p. 170). 

Glncose estimated by evaporating the filtrate from the iron precipitate, and titrating with Eehlino’s 
solution. 

A. Glycogen = 0*24 grin. = 0*8 per cent. 

Glncose =0*0526 „ =0*175 „ 


Total carbohydrates = 0*2926 

II 

o 

CD 

NT 

Ox 

B. Glycogen = 0*15 

„ = 0*5 

Glncose = 0*14 

„ =0*471 

Total carbohydrates = 0*29 

„ = 0*971 „ 


Expebiment 23. 

Two young white doe rabbits, put on diet of oats and water, on May 25th, 1887. 



Weight, 

in grms. 


, Date. 



Remarks. 


A. 

B. 


27.5 

708*7 

623*7 

Each took same amount 

28.5 

680*4 

595-3 

. 1 

of EoocL 


On May 28th they were killed in the usual manner, the blood being caught in a known volume 
of water* 

A yielded 18 cub. centhns. of blood. 

Liver weighed 20*5 grms. 

B yielded 18 cub, eentuns. of blood, 
liver weighed 18*7 grms. 

Sugar of blood estimated by Sbegen’s method. 

Glycogen of liver estimated by Lakdwehb’s method, and sugar estimated as iu last experiment. 
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A. Blood Glucose = 0*106 per cent. 

J Liver Glycogen = 0*53 „ 

Glucose = 0-231 „ 

Total carbohydrates = 0-761 „ 

B. Blood Glucose = 0*105 „ 

Liver Glycogen = 0*48 „ 

Glucose = 0*300 „ 

Total carbohydrates = 0'780 „ 


The results of the succeeding experiments hilly confirm these observations. 

If, however, the animals are not kept on a similar diet, and if they are not either 
steadily and uniformly gaining, losing, or maintaining weight, or if the greatest pre¬ 
cautions are not taken to make the times between killing the animal and boiling the 
liver of short and equal duration, the greatest variations in the percentage of hepatic 
glycogen will be found. 

In the following experiment the fullest precautions were taken to observe the 
above conditions:— 


Experiment 24. 

From a litter of nine young rabbits, three which were gaining weight were selected. 

Weight in Grms. 



5.9.92. 

6.9.92. 

7.9,92. 

A. 

113 

112 

116 

B. 

150 

150 

155 

O. 

122 

120 

123 


A was used as a check. 

B was kept under chloroform, from 11.30 to 2.20 when it was allowed to recover. 

O had 0’01 grm. of bimeconate of morphin at 11.30 and 0*02 grm. at 12, but was never markedly 
under the influence of the drug, 

A was killed in the usual way at 2.56 and the liver excised and thrown into boiling water at 2.58, 
It weighed 3*2 grms, 

B was killed at 2.31 and the liver thrown into boiling water at 2.33. It weighed 5*2 grms. 

C was killed at 3.25 and the liver thrown into boiling water at 3.27, It weighed 3*4 grms. 

Glycogen extracted by Beuoke’s method. 

A. Weight of glycogen = 0*046 grm. = 1*437 per cent. 

B. = 0*039 = 0*75 

C. = 0*047 = 1*385 


2 L 2 
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Expeedient 25. 

From a litter of nine young rabbits, three which were losing weight were selected. 


Weight in G-rms. 



■5.9.92. 

6.9.92. 

7.9.92. 

A. 

120 

117 

114 

B. 

100 

98 

96 

C. 

157 

151 

150 


A 'was need as check. 

B was kept tinder chloroform from 11.30 to 2.20 when it was allowed to recover. 

C had 0-01 grin, of bimeconate of morphin at 11.20 and at 12. At 2 p.m. it wan in a deep sleep. 
A was killed at 3 and the liver was thrown into boiling water at 3.1. It weighed 3’2 grms. 

B was killed at 3.34 and the liver thrown into boiling water at 3.36. It weighed 2’8 grms. 

C was killed at 3.28 and the liver thrown into boiling water at 3.30. It weighed 4 grms. 

Glycogen estimated by Bbuoke’s method. 

A. Weight of glycogen = 0*012 grm. = 0*375 per cent. 

B. „ „ = 0*003 „ =O*i07 „ 

a ' „ „ = 0*016 „ = 0*40 


Expebmbnt 26. 

Two young rabbits were bought on October 16th, 1892, and were kept in same cage and on same food 
till November 9th, being weighed each day. 


Weight in Grms. 



17.10r 

1910, 

22.10. 

25.10. 

28.10, 

31.10, 

3.11, 

6.11. 

9.11. 

A . . . 

1220 

1300 

1300 

1413 

1430 

1490 

1600. 

1550 

1560 

B- . , . 

970 

1002 

1070 

1085 

1097 

1120 

1230 

1185 

1200 ■ 


‘ No food was given after morning of 8th. - 

At 1L30 on the 9th, A was chloroformed and was kept under the drug till, at 3.30; death ensued. The 
abdomen was rapidly opened, and the hepatic vein cut to deplete the liver. The liver weighed 64 grin., 
of which 26*2 grm.'were taken for analysis by BeUoxe’s method. 

Weight of glycogen = 0*436 grm. = 1*664 per cent. 

B was killed at 3.50. The liver weighed 54 grm., of whioh' 25*7 grm, were taken for analysis by 
BbBoxb’s method. 

Weight of glycogen = 1*005 grm. = 3*91 per cent. 
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Urine taken from Bladder post mortem. 



Yeast. 

Eehiing. 

A . . . 

Marked fermentation 

Marked reduction 

B . . . 

No 

Slight 


Experiment 27. 


From young rabbits of one brood, bought on October 16th, 1892, and kept upon tbe same diet, being 
weighed daily till November 9th. 


Weight in Grms. 



17.10. 

1 19.10. 

22.10. 

25.10. 

28.10. 

31.10. 

3.11. 

6.11. 

9.11. 

A . . . 

1410 

1424 

1330 

1532 

1497 

1550 

1712 

1660 

1550 

B . . . 

1243 

1245 

1350 

1325 

1360 

1440 

1480 

; 1460 

1450 

C . . . 

1410 

1450 

1425 

1432 

1492 

1520 

1648 

1625 

1630 

D . . . 

1261 

1240 

1297 

1262 

1285 

1352 

1405 

| 1360 

1 

1360 


No food was given after the morning of the 8th November. 

On November 9th, at 11.30, B, C, and D were chloroformed; B died suddenly at 12.30, C. died at 
L2.45. Immediately after death in each oase the hepatic vein was opened, and the liver bled. D was 
killed at 3.40, and A at 4 p.m. 

liver of A = 61*5 grm., of which 20 were taken for analysis. 

„ B = 50 „ „ all was „ ,, 

„ C = 54*5 „ „ 27*5 were taken for analysis. 

„ D as 40*2 „ „ 18*5 

Analysis of glycogen hy BbOokb’s method. 

A. Glycogen = 0*133 grm. = 0*665 per cent. 

B. „ = 0*358 „ = 0*716 - „ 

C. „ ’ as 0*16 „ = 0*582 „ 

D. =0*017 „ =0*091 „ 


TJbiNe taken from Bladder post mortem. 



Yeast, 

Peeling. 

-A . . . 

No fermentation 

Slight reduction 

B . . . 

s> „ 

J? » 

C . .*■. 

Slight fermentation 

)> » 

D , . 

Marked „ - 

” **' " 
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Experiment 28. 4.10.92. 

Pour young pups of one litter were weighed on October 4th. 

A = 443 grm. 

B = 457 grm. 

C = 501 grm. 

D — 440 grm. 

C was rejected as not corresponding to the others in weight. 

D was put under chloroform at 11 p.m., and kept under till 3.6 p.m. The liver weighed 18*4 grm., and 
all was taken for analysis. 

A was killed at 3.12 p.m. The liver weighed 18-1 grm., and was all analyzed. 

B was killed at 3.21 p.m. The liver weighed 18*3 grm., and was all taken for analysis. 

Glycogen extracted by Beucke’s method. 

A. Weight of glycogen = 0*258 grm. = 1*425 per cent. 

B. „ „ = 0*183 „ = 1*000 „ 

D. 0*203 5 = 1*103 


Heine taken from Bladder post mortem . 



Yeast. 

Feeling. 

A . . . 

No fermentation 

No reduction 

B . . . 


» » 

D . . . 

Slight fermentation 

Not enough to test 


Summary of Ghloroform Experiments on Living Animals. 


Experiment., 

Kind of animal. 

Check animal. 

Chloroformed for 

3 or 4 hours. 

, 24 

Rabbit 

1*437 

0*75 

25 


0*375 

0*016 

26 


3*91 

1*664 

27 

» 

0-665 . 

0*091 

28 

Dog 

/ 1*425 

11*000 

1*103 


These experiments, although they must be accepted with caution, seem to indicate 
that, in the living animal under the influence of chloroform, glyccemia and glycosuria 
are produced by an increased conversion of glycogen to glucose. 

In Experiment 28, in which young dogs were employed, the result wap negative. 

Hebelthatt ( f Ztsch. f. BioL,’ voL 28, p. 138) attempts to prove that chloroform, as 
well as chloral hydrate, chloralamid, paraldehyd, ether, alcohol, and sulphonal, increases 
thfe amount of hepatic glycogen, but his experiments disprove rather than prove his 
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contention. He employed hens starved for six days. Kulz had previously shown 
that, in these conditions, the amount of hepatic glycogen does not exceed 0*95 per 
cent. While, after the administration of chloral the hepatic glycogen was enormously 
increased from 1*22 per cent, to 5*12 per cent., the following results with chloroform 
show a diminution rather than an increase. 


Duration of 
fast. 

Amount of 
chloroform, 

Duration of life 
after the first ad¬ 
ministration of 
chloroform. 

Per cent, 
of glycogen in 
liver. 

days. 

cub. centime. 

Hours. 


6 

1*5 

24 

Trace. 

6 

0*5 

24 

0*42 

6 

1*5 

26 

0*60 

6 

1*5 

18 

1*49 

6 

1*25 

14 

1*40 

6 

1*0 

15 

0*68 


Average = 076. 


To what is this increased conversion due ? Chloroform may act directly upon the 
liver cells, or, by impairing the oxidative changes in the liver. 

That diminished oxidation does cause glycsemia and glycosuria has been shown by 
Dastre and more recently by Araej (‘Ztsch. f. physiol. Chem./ vol. 15, 335 and 
546) and by Zillesen (ibid., p. 387). 

According to Lupine and Barral (* Compt. Bend./ 23 Juin, 1890) this is due to a 
diminution in the glycolytic power of the blood. They, however, made no experi¬ 
ments to exclude the possibility of there being, at the same time, an increase in the 
amylolysis in the liver. 

That an imperfect supply of oxygen has no direct effect on the rate of hepatic 
amylolysis seems to be indicated by the following two experiments on the excised 
liver. 

Experiment 29. 

Rabbit killed at 11 am. on 28.4.92. Inver cut up into A, B and 0. 

A, Weighed 17*5 grms,. placed in. boiling water at once. 

B. „ 24*8 „ „ 0*75 per cent, salt solution at 88° G. 

O. I, 24*5 ,, ,, )) it it » 

A continuous stream of air was kept up through B, while 0 was left at rest. Both were kept at from 
36° to 40° O. till 1 p.M. (2 hours), and then boiled. 

Glycogen by Brucke’s method. 

A. Weight of glycogen = 1*639 grm. = 9*36 per cent. 

B. „ „ =1*175 „ =4*73 „ 

G. = 1*123 4*58 
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Experiment 30. 

Rabbit killed at 12.53 p.m. on 23.1.93. Liver cat up. 

A weighed 6*2 grmB. (analysis lost). 

B „ 7*3 grins. 

0 „ 7*2 „ 

D u 8-0 „ 

Each, placed in 150 cub. centims. of 0*75 per cent, salt solution at 37° 0. The salt solution of B had 
been previously sterilized. Through D a stream of hydrogen was passed for ten minutes, and the tubes 
were then sealed. All the bottles were placed in the incubator till 5 p.m. (4 hours) and then boiled. 

B. Weight of glycogen = 0*273 grin. = 3*73 per cent. 

, C. „ „ =0*26 „ =3*61 „ 

D. „ „ =0*296 „ =3*70 „ 

The idea that the increased conversion of glycogen under the influence of chloro¬ 
form is due to an impeded oxidation in the liver is, therefore, without experimental 
basis. 

A digestive action of chloroform on proteids has been described by Denys and 
Marbais (“Bur les peptonisations provoqudes par le chloroforme.’’ ‘La Cellule/ 
vol. 15, p. 197; ‘Nouvelles recherohes sur la digestion chloroformique/ ibid., L, 16, 
p. 4.) These experiments tend to show that the haemoglobin and the fibrin of dog’s 
blood, whether in the serum of that animal, or in chloride of sodium solution of about 
7 per cent, upon the addition of chloroform, ether, alcohol, thymol, or phenol, undergo 
a process of peptonisation. They conclude, “La digestion chloroformique peut 
s’expliquer de deux fa§ons ou bien par une action directe du chloroforme, ou bien par 
une zymase d&velopp^e par ce dernier. C’est la premiere hypothbse qui paralt la plus 
probable.” 

A study of the experiments on the influence of temperature upon this process tends, 
however,, to the view that it is not a simple direct action of chloroform. The diges¬ 
tion of entire blood, or of the haemoglobin in it, is retarded by a temperature of even 
45° C., and arrested by a temperature of 60° C., while the digestion of fibrin, which 
had not been subjected to a high temperature in serum previously boiled or deprived 
of its proteid by heating, does not exclude a possible action upon some substance held 
in the fibrin. 

Perhaps the most inexplicable part of these researches, on the view adopted by 
them, is, that dog’s fibrin is not digested in the serum of the ox, sheep, pig, or 
horse, on the addition of chloroform, unless the serum has been previously-boiled — i.e., 
unless it has ceased to be the characteristic serum. The whole series of experiments, 
though interesting, are highly inconclusive, and throw little light upon the present 
series of observations, 

experiments, especially when taken in connection ‘with the observations 
mi influence of chloroform on the morphological changes in the liver cells 
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(see p. 248), seem to indicate that the chloroform acts by accelerating the Jcatabolic 
changes which accompany or immediately precede the death of the cells , and that it is 
as the result of these Jcatabolic changes that we find the enormous conversion of glycogen . 
That chloroform has this action in increasing katabolic changes is borne out by its 
influence on the disintegration of proteids. Taniguti (‘ Yirchow’s Archie,’ vol. 120, 
p. 121), after giving a rSsume of the previous work on this subject, records his own 
experiments, which clearly show that chloroform does increase the excretion of 
nitrogen. 

This view receives support from the mode of action of other agents on the liver 
cells, and on hepatic amylolysis. 

4. Ether. 

Although I am not aware that the administration of ether has been observed to be 
followed by glycosuria, the similarity of its action to that of chloroform seemed to 
render it desirable that its influence on hepatic amylolysis .should be tested. The 
following experiments were accordingly performed. 

Experiment 31. 17.11.91. 

Rabbit killed at 2.5 p.m. Liver minced and divided into three parts. 

A weighed 16*4 grms. placed in boiling water. 

B „ 27-2 „ 0*75 per cent. RaCl solution with stream of air. 

' G „ 25'7 „ „. „ „ „ ether vapour. 

B and C kept at 40° G. till 4.25 (2 hours '20. minutes). 

Glycogen extracted by Bbucke’s method. 

A = 7-88 per cent. 

B = 6-40 

C = 5*87 . „ 

Experiment ,32. 5.1.93. 

Rabbit killed at 12.54 p.m. Liver minced and divided into three parts. 

A weighed 10*0 grms. placed in boiling water at once. 

B „ 11*9 „ „ 0*75 per cent, solution of RaCl with stream of ether. 

C „ 10*2 „ „ ,> „ „ „ „ air. 

B and O kept at 40° C. till 9 p.m. (eight hours). 

Glycogen extracted by Bbucke’s method. 

A. Glycogen = 0*371 grin. = 3*71 per cent. .• 

B. „ . = O'ilB „ =0*991 „ 

■ . C., „ = 0*271 „ = 2*650 

Ether, like chloroform, increases the amylolysis, bub its action is much less decided. 

Like chloroform, it causes the early development of the cell changes described on. 
p. 248; but in this respect, too, it is less powerful than chloroform. 

MDGCCXGIV.—B. 2 M 
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5. Pyrogallic Acid and Salicylate, of Soda. 

The well-known influence of pyrogallic acid in accelerating the proteid waste and 
increasing the output of nitrogen (Noel Paton, 4 Brit. Med. Jour.,’ 1886), and its 
marked destructive influence on hsemocytes, led me to investigate whether its action 
on hepatic amylolysis and on the liver cells corresponds to that of chloroform. 

Salicylic acid, which in some of its actions resembles pyrogallic acid, was tried at 
the same time. 

Experiment 33. 12.6.93. 

Rabbit killed at 1.10 p.m. Liver divided into four, A, B, C, D. 

A weighing 6 grins., was placed in boiling Water at 1.11. 

B „ 10 „ „ „ 0'25 per cent, pyrogallic acid dissolved in 075 per cent. NaCl. 

0 „ - 8-5 „ „ „ 075 „ NaCl. 

D „ 10 „ „ 0’5 „ salicylate of soda in 075 per cent. NaCl. 

. B, 0,.and D, kept at 40° 0. till 2.30, then boiled. 

Glycogen by Bruckk's method. 

A Glycogen = 0T85 grm 

B rt - =0-165 „ 

0 „ =0*157 „ 

D „ =0-216 „ 

Pyrogallic acid thus slightly increases hepatic amylolysis and at the same time it 
produces a slight acceleration of the. changes in the protoplasm similar to those 
produced by chloroform. Salicylate of soda in- 0*5 per cent. * solution does-not 
accelerate these changes, nor does it increase hepatic amylolysis. 

Among the substances the administration of which causes glycosuria are morphia, 
nitrite of amyl, and curare. 

The following experiments were made on the influence of these bodies on the 
amylolysis of the excised liver:— 


. = 3-70 per cent. 
= 1-65 „ 

- 1-84 „ 

= 2-16 „ 


6 . Mcn'pMn. 

Experiment 34. 26.4.92. 

Rabbit killed at 11 A.H. Liver minced and divided into parts A, B, and G. 

A -weighing 22*5 grins, was placed in boiling water at 11.3 a.m. 

B „ 23*0 „ ,, abent 150 cnb. centime, of 075 per cent. NaCl in which 10 mgs. 

of Hsnecinate of morphia, was dissolved. 

. O wrighing 21*8 grins, was placed in 0*75 per cent. NaCl. 

,. k?ptat from 37° to 40° C. till 5 (6 honrs).' 

Glycogen extracted by Bb5cke*s method. 
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A Glycogen weighed 0861 grm. = 3‘826 per cent. 

B „ „ 0-310 „ = 1-35 

C „ 0-369 „ = 1-69 


Experiment 35. 16.5.92. 

Rabbit killed at 11 a.m. Liver minced and divided into parts A, B, and 0. 

A weighing 16 grms. was placed at once in boiling water. 

B „ 15 - 6 „ „ in 0‘75 per cent. NaCl in which was dissolved 50 mgs. of “hydro- 

chlorate of morphia. 

O weighing 17*0 grms. was placed in 0-75 per cent. NaCl. 

B and C kept at 40° 0. till 4 p.m. (5 hours). 

Glycogen extracted by Brooke's method. 

A Glycogen weighed 0'518 grm. = 3‘231 per cent. 

B „ „ 0-211 „ =1-352 „ 

O „ „ 0-202 „ = 1-188 „ _ ; 

Morphia has no influence on hepatic amylolysis in the excised liver. Experiments 
24 and 25 tend to show that it is also without action in the living animal. 


7. Nitrite of Amyl. 

With nitrite of‘amyl only one experiment was performed.' 

Experiment 36. 24.8.92. 

Rabbit killed at 11.10 a.m. Liver divided into three parts A, B, 0. ' 

A weighing 14*5 grms. placed in boiling water at 11.12. 

B „ 12 „ was placed in 0’75 per cent. NaCl. at 40° C. 

0 „ 12-5 „ „ „ 

A stream of air was passed through B and O, that through O being saturated with nitrite of amyl. 
At 3.15 both were boiled. . ....... 

- Glycogen by Brooke's method; 

A Glycogen = 1-324 per cent. 

B „ = 0-720 „ 

O - „ = 0-704 - ' 

Nitrite of amyl is-therefore also without action on hepatic amylolysis. 


•8. Curare. 

With curare a single experiment also was performed, 

2 m 2 
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Experiment 37. 12.9.92. 

A very large, fat rabbit killed at 11.25 a.m. Three portions of liver taken. 

A weighing 21 grins, was placed in boiling water at 11.28. 

B „ 26 „ „ 0*75 per cent. NaCl. 

C „ 25 „ „ about 150 cub. centim. of 075 per cent. NaCl. containing about 

2 mgs. of curare wbicb was known to be active. 

B and C kept at 35° C. till 5 p.m. (5£ hours), then boiled. 

Glycogen extracted by Brucke’s method. 

A Glycogen weighed 3'42 grms. = 16-29 per cent.* 

B „ „ 3'313 „ = 1274 

C „ „ 3-315 „ =13-26 „ 

From these observations it would seem that while chloroform and ether increase 
the amylolysis and thus produce glyccemia, nitrite of amyl, mmphin, and curare act 
in some other way, probably, as suggested by Araki, by diminishing the oxidation 
changes in the tissues. 

In connection with this it may be mentioned that none of these bodies produce the 
rapid changes in the protoplasm of this liver cell which are produced by chloroform 
and ether. 

H. IS THERE ANY DEFERENCE IN THE PRODUCT OF HEPATIC AMYLOLYSIS 
IN THE EARLY AND IN THE LATER PERIODS? 

Nature of the Products of Amylolysis in the Early and in the 
Later Periods. 

Upon, the nature of the sugar found in the •post-mortem liver, several investigations 
have been made. 

Nasse Pfliiger s Archiv/ vol. 14, p. 473) describes the sugar of the liver as one 
which, when boiled with sulphuric acid, acquires no increase in its reducing power, 
and thus resembles glucose, 

Musculus and von Merino (‘Ztsch. f, phys. Chem.,’ vol/ 2, p. 416) confirmed 
Nasse’s observations. They, however, found maltose. Dextrin, however, was not 
discovered. The method they adopted was to extract the liver with water, evaporate 
the extract, and extract with alcohol, and then precipitate with ether. 

bEEGEN ( e Studien iL <L StofTvvechsel/ p, 392) points out that the method of 
Musoulus and Merino does not exclude certain dextrins which are precipitated with 
ether, and gives experiments which tend to show that the maltose of these investiga¬ 
tions is merely a mixture of dextrin and glucose. By dialysis he separates a sugar 

y % ' k amount of glycogen I have ever found in tbe liver of a.x&bbit. . 
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which gave the reaction of glucose, and he concludes “ dass Leberzucker' aus- 
schhesslich Trauhenzucker ist.” 

In a previous paper (loc. tit, p. 383) he, however, says: “ Wenn das Dialysat anf 
eiue kleine Menge eingeengfc und jetzfc soviel ahsoluter Alcohol zugefugt war, bis die 
ganze Fliissigkeit einen ca. 90 proc. Alcohol bildete, entstand ein reicher .weisser 
Niederschlag,” and it is therefore somewhat surprising to find him using this method 
to differentiate dextrin' from maltose. Mttscttltts and Meyer ( c Bull. Soc. Chim.,’ 
vol. 35, p. 370) also state that dextrin is slightly diffusible. 

LmpRiCHT (‘Liebig’s Annalen/ 133-293, quoted by Nasse) extracted from 
200 lbs. of the liver of the horse as much as 400 grms. of dextrin. 

Kulz (Pfluger’s ‘Arch./ vol. 24, p. 52) severely criticizes Seegen’s paper, and 
confirms Nasse’s results. He says: “Ob Dextrin und Maltose in der todtenstarren 
Hundeleber vorkommen oder fehlen, wage ich vorlaufig mit Sicherheit nach keiner 
Seite hin eine Behauptung auszusprechen, bemerke jedoch dass ftir mich nur die 
Darstellung dieser Korper in Substanz beweisskraftig ist.” 

Mttsotjlus and von Mering ( £ Ztsch. f. phys. Chem., 5 vol. 4, p. 93) attack Seegen’G 
results, and show that his methods are unsatisfactory, though they do not give any 
experimental evidence in support of their assertion as to the presence of maltose, nor 
attempt to answer directly Seegen’s criticism on their methods. 

The question stands thus :—All investigators admit that the chief sugar of the 
excised liver is glucose. Limpricht has definitely shown that dextrin may be present. 
MuBCtrLUS and von Mering hold that maltose is also to be found, 

A general consideration of the relationships of the lower dextrins to such di- 
saccharids as maltose clearly shows that a complete separation is most difficult, if not 
impossible. Many dextrins are partly soluble even in alcohol, much over 90 per 
cent.; maltose is less soluble in strong alcohol than glucose; dextrin in alcoholic 
solution, as well as maltose, is precipitated by etber, and forms a similar potasb com¬ 
bination ; the osazone of dextrin is soluble in water, while that of maltose is only 
somewhat less soluble ; lastly, dextrin, though less diffusible than maltose, does 
undoubtedly pass through a dialyzing membrane. 

For these reasons, after several unsuccessful attempts, the endeavour to separate 
the lower dextrins from maltose was abandoned, and attention was concentrated on 
the question of whether, along with glucose, dextrin, and maltose, or one or other of 
these, are produced at all periods in the liver excised from the body. 

Method . , 

The liver was extracted with boiling water exactly as in the estimation of glycogen t 
the hot aqueous extract was then precipitated with chloride of iron and acetate of 
soda, carbonate of soda being added to the point of neutralization. In this way, not 
only the proteids, but also glycogen, as shown by Lane week { c Ztsch. f. phys. Chem.,* 
vol. 8) are thrown' down. The clear supernatant fiuid containing the sugars and 
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dextrins (Lanjdwehr, loo. cit ., p. 170*) was filtered off and, 1st, tested for dextrin, by 
tbe addition of absolute alcohol, to 90 per cent. ; 2nd, tested for sugar as glucose, by 
Feeling’s solution; and, 3rd, a given volume was boiled for some time with 2 per 
cent. H 2 S0 4 , then neubralized, made up to its original volume, and the glucose again 
estimated with Fehltng’s solution. 

To determine if the process is the same, during the rapid initial and during the 
slow later amylolysis, livers kept in 0'75 per cent, salt solution at from 37 to 40° C. 
were tested during the first hour, and, at the end of eight or ten hours in the above 
manner:— 

A marked difference was found. * . 

During the first hour :— 

No precipitate was given with alcohol; dextrins were absent. 

The reduction was exactly the same before and after boiling with H 3 S0 4 . 

After several hours •— 

There was usually a marked precipitate with alcohol, though no reaction with 
iodine. An achroo-dextrin, but no erythro-dextrin, was present. The reduction 
was usually markedly increased after boiling with H 2 S0 4 . Dextrin and maltose, or 
dextrin alone, were present. 

The increase in the reducing power after boiling with sulphuric acid is usually so 
great that it cannot be due to a conversion of maltose to glucose, but must arise from 
the change of dextrin to glucose. 

This is well shown in Experiment 40 which was performed to elucidate the influence, 
of the acid in the liver. One part of the liver had been digested for ten hours with a 
weak alkali, carbonate of soda 0‘06 per cent., while the other part was kept in 
salt solution and the acid allowed to develop. In the former, the reduction before 
boiling was equivalent to that produced by 2 - 8 per cent, of glucose ; after boiling 
with H 2 S0 4 , it was equal to 3’2 per cent. In the latter, before boiling, the reduction 
was equivalent to that produced by 2*0 per cent, glucose, after treatment with au 
acid to 2*3 per cent, glucose. 

These observations show that during the early amylolysis the product is glucose , 
during the later amylolysis intermediate products such as dextrin and possibly 
maltose also are formed.. 

HI. NATURE OF HEPATIG AMYLOLYSIS. 

We are now in a position to consider the nature of the early and of the later 
amylolysis m the excised liver, 

* Nasse (PtlSger b £ Arclavf vol. 37, p. 582} says- that acbrod-destrin is precipitated -with iron; but- 
met by Wwehs (Prefer ‘Archive], 38, p. 32t). My own observations on 
anjl tbe achroC-dexfein formed from glycogen confirm Land we He’s results. 



DR. D. NOEL PATON ON HEPATIC GLYCOGENESIS. 


271 


A. Early Amylolysis. 

Is tlie early, rapid change the result of the action of a ferment, or is it due to 
changes in the liver cells ? 

The rapidity with which it occurs is entirely opposed to the idea of its being due to 
the amylolytic ferment which may be extracted from the liver as from other organs, 
and which, according to all observers, acts very slowly. 

The fact that the mechanical destruction of the liver-cells so markedly inhibits the 
process is also strongly opposed to the idea that the essential agent is a soluble 
ferment. 

The connection of the process with the condition of the liver cells favours the view 
that the activity of the cells is the agent causing the amylolysis. 

The influence of temperature and of fluoride of sodium, the increased amylolysis 
under chloroform, ether, and pyrogallic acid which accelerate the katabolic changes 
in the liver cells, and the absence of increased amylolysis with morphin, curare, nitrite 
of amyl, and salicylate of soda, seem to point to intra-cellular changes being the 
important factor in this early period. 

Finally, the direct production of glucose, without intermedial bodies, marks off the 
changes at this period from those occurring later. 

This early change in the excised liver is simply a continuation of the vital process 
in the organ, though the katabolic side of the metabolism is exaggerated, and the 
anabolic in abeyance. 

In fact, all the evidence is in favour of the view that the conversion of glycogen to 
glucose is 'precisely the same as the conversion of mucinogen to mucin or of zymogens to 
zymin. And there is no more reason to invoice the agency of a ferment in the explan¬ 
ation of the former than of the latter processes. 

B, Later Amylolysis. 

But when we come to consider the later amylolytic changes, which do undoubtedly 
go on in the liver after the death and destruction of the cells, the question becomes 
more involved. Is the change due to the acid which makes its appearance, to the 
agency of micro-organisms , or to the development of a soluble ferment, or zymin ? 

1. Action of Acid. 

As has been shown by Seegen and other observers, the post-mortem liver becomes 
more and more markedly acid. Seegen (loc. dt. } p. 40) shows that lactic acid is 
present. 

This acidity is largely due to the action of micro-organisms, as is shown by the 
following experiment. 
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Expeeimsnt 38. 

The liver of a rabbit freshly killed was excised and divided up, the instruments and hands having 
been washed in methylated spirit, and every precaution to prevent ingress of organisms taken. 

A was placed in 075 per cent, salt solution. 

B „ salt solution, with chloroform. 

C „ salt solution, previously sterilized. 

All were kept at 40° C. for eight hours. 

At the end of this— 

A was markedly acid. 

B was neutral. 

0 

Gelatine tubes inoculated from— 

A showed in twelve hours a most active growth of a liquefying organism. 

B showed no growth after two weeks. . 

C showed a growth after three days of an organism resembling BacillnB subtilis in its characters, hut 
forming a thicker and more wrinkled pellicle. 

Seegen demonstrated that lactic acid, when boiled with glycogen, converts it to 
dextrin, but Dajstke ( loo. cit. y p. 93) finds that glycogen in presence of lactic acid at 
40° 0. for twelve to sixteen hours is not changed to sugar. 

I find that glycogen may be kept in the presence of lactic acid, of considerably 
greater strength than is found in the post-mortem liver, for two days without under¬ 
going any change. 

On the third day a slight reduction with Fehling may occur. Tubes inoculated 
from the flask gave no growth of micro-organisms, so the action could only have been 
due to the acid. If the acid is boiled with glycogen, a similar slight reduction is got 
after twelve hours. 

From these facts it seems highly improbable that the presence of the organic acids 
can have any action in the late hepatic amylolysis. To determine this point the 
foHowing experiment was performed. 


Expeejmext" 39. 10.5.9 


A rabbit, which had on the previous day thrown a .litter of young, was killed at 11.35 a.m. In 
excising the liver the animal’s skin, the hands, instruments, scale pan, &o., were well washed with per-, 
chloride of mercury, and then with methylated spirit. The liver was not allowed to come in contact 
with the skin of the an imal or with any body not sterilized. The flasks into which the organs were 
placed, had, with their contents, been previously sterilized. . 

A weighing 7*1 grins, was placed in boiling water at 11.37. 

-B- - „ 8’5 „ „ iabout 150 cab. centims. of 075 per cent. RaOl, - 

k ^ ^ «. » * , » ■ v „ to which carbonate 

of soda had been, added to 0*06 per cent. 

W* 0 grras * ™ P^tced “ about 150 cub. centims, 0*75 per cent. RaDl. • - 

” »* ” » » ,, to which carbonate 

dlljwlfc iMhbjaea added to 0*06 per cent. •• • 



PR. D. NOEL PATON ON HEPATIC GLYCO GENE SIS. 


273 


B and lb were kept in the incubator at 40° C. till 1.20 p.m., about 1 hour. 

C and c were kept at 40° C. till 9 p.m., about 8^ houra. 

Before boiling, gelatine tubes were inoculated from each. All remained sterile except C, in which a 
slight growth of a coccus appeared after three days. C was markedly acid with a sour smell, c was 
neutral and devoid of putrefaction or a sour smell. 

Glycogen was extracted by Bbucke’s method. 


A 

Glycogen weighed 0*181 gram. 

= 2*54 

B 

„ „ 0*106 „ 

= 1*24 

b 

„ „ 0*14 

= 1*23 

0 

„ „ Oil „ 

= 1*00 

c 

0*149 „ 

= 1*19 


Experiment 40. 29.5.93. 

Rabbit killed at 12.11, and the liver divided in the usual manner. 

A weighing 6*9 grins., was placed in boiling water at 12.13. 

B „ 12*0 „ „ „ at 12.15 in 0*75 per cent. NaCl to which carbonate of soda to 0*06 

per cent, was added. 

C weighing 11*6 grins, was placed in 0*75 per cent. NaCl at 12.15. 

B and C were kept at 40° C. in the incubator till 9 p.m., and then boiled. B had a strong odour of 

liver, and was neutral. C had a marked sour putrefaction odour, and was strongly acid. Gelatine 

tubes were inoculated from each. C gave a strong growth of organisms (Bacillus snbtilis) in two days. 
B gave a slight growth in four days. 

The watery extract of each part of the liver after evaporation was divided into equal parts. 

Prom one part glycogen was extracted by Bruoke’s method. In the second part the glucose was 
estimated in the usual manner. 

To 2 cub. centime, of the solution after the separation of glycogen, absolute alcohol was added to 
90 per cent. 

A gave no precipitate. 

B and C gave slight precipitate on standing, indicating the presence of dextrins. 

None gave any reaction with iodine. 

A Glycogen weighed 0*147 — 4*3 per cent. 

B „ „ 0*091 = 1*5 

C „ „ 0*095 = 1*6 

Sugar (as glucose) determined by Fehling-’s solution. The suboxide precipitated very perfectly. 

A 44*5 cub. centims. gave no complete reduction of 2 cub, centims, of Peeling’s solution. 

Sugar as glucose less than 0*2 per cent. 

B 5*8-6*0-5’8 = 5*8 cub. centims. gave complete reduction of 2 cub. centims. of Fehling’s solution. 
Sugar as glucose = 2*8 per 5 cent, 

O 12*8-12*4 = 12*6 cub. centims. gave complete reduction of 2 cub. centims. of Fehling’s solution. 

Sugar as glucose = 2*0 per emit. 

2 N 
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To 40 cub. centrais. of B and 50 cub. centims. of C a few drops of HoSO^ were added in flasks 
which were boiled in the water bath for 2§ hours. The conteuts of each flask were then neutralized 
and made up to the original volume, and the glucose estimated by Fehling’b method. 

Both gave a very perfect precipitation of the suboxide. 

B 4'8-5’0-5*0 (5‘0 cub. centims.) completely reduced 2 cub. centims. of Fehlinq’s solution. 

Glucose = 3*2 per cent. 

C 10*7-10*8 (10*8 cub. centims.) completely reduced 2 cub. centims. of Fehlinq’s solution. 

Glucose = 2*3 per cent. 



Glycogen. 

Sugar as glucose. 

Glucose, after 
boiling with acid. 


per cent. 

per cent. 


A. 

4*3 

less than 0*2 

— 

B. 

1*5 

2*8 

3*2 

G. 

1*6 

2*0 

2*3 


The smaller amount of sugar in C is probably due to the action of micro-organisms in destroying it. 


These two experiments very clearly show that both the early and the later amy- 
lolysis are independent of the development of an acid in the liver. 

The latter further shows that the peculiar indirect amylolysis of the later period 
proceeds in the same manner whether the acid be allowed to develop or not. 


2. Action of Micro-organisms. 

Dastre {loo, cit.) maintains that these post mortem changes are not due to a 
soluble ferment derived from the liver-tissue, but simply to the action of micro¬ 
organisms. He says: ee Les fermentations glycosiques que Ton a obtenues avec la 
maceration ou la decoction du foie sont le rdsultat de f activity des microbes,” and 
supports this statement by experiments to show that, not only after boiling and 
heating to II0 G. does the tissue lose all power of converting glycogen, but that, 
after sterilizing at 55 C. a temperature which he concludes does not injure a soluble 
ferment—all amylolytic power is lost. 

Undoubtedly, certain microbes have a slow amylolytic action. Several organisms 
change glycogen, in part at least, to a reducing sugar when kept at 40° C. for 
twelve hours. 

The differentiation of those which act and those which do not act forms no part of 
the present inquiry. That they are the amylolytic agents in the liver is opposed 
By the careful experiments of Eves on the isolated ferment, and by the Mowing 
experiments. 
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Experiment 41. 23.1.93. 

Rabbit killed at 12.57 p.in. Liver cut. into pieces A, B, and C. 

A weighed 6*2 grms. placed in boiling water at 1 p.m. 

B „ 7*3 grms. „ 0*75 per cent. NaCl solntion nnsterilized. 

C weighed 7*2 grms. placed in 0*75 per cent. NaCl solntion sterilized. 

B and C kept at 50° C till 5 p.m. (4 hours). 

Glucose estimated as in previous experiments. 


Filtrate of A = 0*037 grm. glucose = 0*596 per cent, glucose in liver. 
„ B = 0*27 „ „ = 3*69 „ in liver. 

„ C = 0*26 „ „ = 3*61 „ „ 

Glucose formed per 10 minutes from commencement. 

B = 0*125 per 100 parts of liver. 


Cultures on glycerine agar from B gave copious growth, from C gave no growth. 


Experiment 42. 13.1.93. 

Rabbit killed at 12.58 p.m. Liver minced and divided into A, B, and C. 

A. weighed 10*6 grms. placed at once in boiling water at 1 p.m. 

B „ 11*4 „ „ in sterilized solution of NaCl, 0*75 per cent. 

C „ 11*5 „ „ non-sterilized solntion of NaCl, 0*75 per cent. 

B and C kept at 40° C. till 4.15 (4 hours 15 minutes). 

Glycogen extracted by KOlz’s method. 

A Glycogen = 1*164 grms. = 10*981 per cent. 

B „ = 1034 „ = 9*07 

C „ =1*109 „ = 9*64 

Glycogen lost per 10 minutes from commencement. 

B 0*051 per cent. 

C 0*075 

Cultures on agar-agar from B gave no growth, from C a copioas growth of micro-organisms {see also 
Experiment 30, p. 264). 

In addition to these we may refer to Experiments 13 and 17 on the influence of 
chloroform, an agent preventing the growth of organisms, on the late amylolysis. Such 
experiments seem to exclude the action of micro-organisms as the main factors in this 
late amylolysis . 


2 N 2 
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3. Action ofZymin. 

The action of both the acids and of micro-organisms having thus been excluded, 
and the existence of a true ferment having been demonstrated in the liver some time 
after death, we are forced to the conclusion that it is by the action of a ferment, in 
some cases assisted by the influence of micro-organisms, that the amylolosis which 
proceeds in the liver for so long after death is carried on: 

I have made no definite series of experiments upon this ferment, but I have satis¬ 
fied myself that it can be extracted from the liver, and that it acts very slowly and 
incompletely. The researches of Eves* and others render further work upon it needless. 

When the production of sugar, the result of the intracellular or vital changes, ceases, 
and when the ferment action begins, it is impossible to sa.y. Almost certainly the 
two processes greatly overlap one another. Nevertheless, they are of totally different 
nature and should be carefully distinguished. 

The general results of these investigations may be summarized :— 

1st. The great and active disappearance of glycogen in the excised liver, kept at 
the body temperature, is during the first half hour. The rate of conversion steadily 
diminishes during the remainder of the first hour, and after two hours goes on very 
slowly (Experiments 1 to 6), 

2nd. An enormous diminution in the amylolysis is produced by destroying the 
structural integrity of the liver cells (Experiments 7 and 8), 

3rd. The active early amylolysis goes on before and during the development of 
structural changes in the liver cell, while the slower amylolysis advances after the 
cell structure is completely destroyed. 

4th. Exposure for an hour to a temperature of 60° C. greatly retards, but does not 
arrest, amylolysis (Experiments 9 and 10). 

5th. Fluoride of sodium in 1 per cent, solution greatly retards or stops the early 
amylolysis, but does not arrest the later changes (Experiments 11 and 12). It does 
not accelerate the structural changes in the liver cells. 

6th. In the excised liver the amylolysis is enormously increased in rate in the 
presence of chloroform (Experiments 13 to 17). 

7th. In this amylolysis the glycogen is changed to glucose (Experiment 18). 

8th. It is the early active amylolysis, and not the later slower conversion, which is 
accelerated by chloroform (Experiments 19 to 21). 

9th. The structural changes in the cells are greatly hastened and increased under 
the influence of chloroform. 

10th. In the living animal, as in the excised liver, chloroform hastens the conversion 
of glycogen to glucose (Experiments 24 to 28); and the glycfenua and glycosuria of 
chloroform poisoning are probably due to this. 


* Loo. dt. 
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Ilth. The accelerated conversion is not due to diminished oxidation (Experiments 
29 and 30), but, apparently, to a direct action on the liver cells haste ning the katabolic 
changes. 

12th. Ether has a similar, but less marked, action to chloroform (Experiments 31 
and 32). 

13th. Pyrogallic acid acts in the same manner (Experiment 33). 

14th. Morphin (Experiments 34 and 35), curare (Experiment 37), nitrite of amyl 
(Experiment 36), and salicylate of soda (Experiment 33), neither hasten the structural 
changes in the liver cells nor modify the rate of amylolysis. The glycosuria caused by 
the first three of these substances is, therefore, not due to accelerated hepatic amylolysis. 

15th. During the early amylolysis the product is glucose; during the later changes 
intermediate bodies, dextrins, and possibly maltose, are also formed. 

16th. The early changes in the excised liver are simply a continuation of the vital 
processes in the organ—the katabolic side of the metabolism being exaggerated, the 
anabolic side in abeyance. 

17th, The change of glycogen to glucose is thus precisely analogous to the change 
of mucinogen to mucin and of zymogens to zymins, and is dependent on the meta¬ 
bolism of the cell protoplasm, and not upon the action of a zymin. 

18th. The later amylolytic changes in the excised liver are not due to the develop¬ 
ment of acid (Experiments 39 and 40), nor are they largely due to the action of 
micro-organisms (Experiments 41 and 42 and 13 to 17), but they are caused by the 
development of a zymin probably formed in the disintegration of the cells. 

Note, January 24, 1894.—It has been suggested to me by Mr. Horace T, Brown, 
F.R.S., that the slowing of the amylolysis during the first hour may be due not to 
the death of the cells but to the accumulation of the products of activity inhibiting 
the process. The following experiment seems to negative such an explanation. 

Rabbit killed at 1.15 on 18.1.94. Liver divided into A, B, and 0. 

A weighing 4 grms., was placed in boiling water. 

B „ 10*2 grms., was placed in 0*75 per cent. Nad solntion in a beaker. 

O „ 11*4 „ „ „ „ „ vegetable parchment sausage 

paper snspended in a large quantity of salt solution and frequency agitated. 

B and O were kept at 41° 0. for 4 hours and then boiled. 

The fluid around O, on evaporation, gave a reduction with Feeling's solution. 

Glycogen by Bruoke’s method. 

A Glycogen weighed 0‘225 grin 
B ,, 0‘225 

0 „ „ 0-280 ,» 


= 5’62 per cent. 
= 2-22 », 

= 2*45 „ 
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Introductory. 

Section I.—The methods employed in the research. 

Section II.—The histology of the wandering cells of the Frog. 

The eosinophils cell. 

The amphophile modification of the eosinophils cell. 

The hyaline cell or phagocyte. 

The rose-reacting basophile cell. 

Giant cells. 

Schematic atimmary of the histological facts. 

Section III.— Leucocytosis is of three kinds. 

Phagocytosis—a statement of the phenomena connoted by the term. 

Section TV .— (1) Description of appearance seen in a hanging drop of Frog’s lymph. 

(2) The eff ect of inoculating a hanging drop of lymph with various substances. 
These substances can be grouped according to their action on the cells, 
and a complete series might be made. But the completion of such 
a series c an only be contemporaneous with the attainment of a full 
knowledge of the functions of the different wandering cells. 

(a) Inoculation with Anthrax spores. 

(J) „ „ Indian mkv 

0 ) „ „ coagulated proteid. 

(d) „ „ egg albumen. 

(e) „ „ vermilion. 

Effect of the same substances when introduced into the body. 


80.6.94 
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Section V.—The behaviour of the cells towards active growths of Anthrax and B. filar 
mentosua. 

General description of the phenomena. 

{ a, cells winning. 
t, „ losing. 

„ ii., „ „ „ winning. 

„ iii., „ B.filammtosus „ losing. 

The hyaline cell unable to ingest the bacilli until they have been attacked by 
the eosinophile cells. 

Further evidence derived from :— 

(a) The behaviour of the cells towards bacilli and spores when both axe 
present. Exp. iv. 

(h) Differential action of the cells under the influence of heat or urari, 
and in cedematous Progs. Exp. v. 

The discharge and reformation of granules—the amphophile granulation of 
the eosinophile cell. Exp. vi. 

Section VI.—Further discussion of the behaviour of the cells towards foreign substances, 

The arrangement of such substances in a series. 

Action of yeast. Yeast intermediate in its effects between substances treated 
of in Section IV. and those in Section V. Exp. vii. 

The two results of the action of the hyaline cells on foreign partioles. 

Section VII.—The rose-reacting cells. The action of foreign substances wlion solid, or when 
dissolved. The removal of the latter by (a) the rose-reacting cells, 

(h) by excretory organs. 

Observations on Astacus and Daphnia bearing on this. 

Section VIII.—Preliminary observations on Mammals (Rabbits and Rats). 

Summary of the preceding sections. 

Section IX.—Discussion of the morphological and physiological condition of the wandering 
cells. 

Morphology. A comparison of the structure of the sporadic mesoblast in 
different animals leads to the conclusion that the different cell-elements 
of higher forms have arisen by a process of differentiation from’ a 
simple amoeboid cell which possessed all their characters and performed 
all their functions. 

Physiology. The primitive cell of generalized functions has differentiated 
into the granular eosinophile cell, the ingestive hyaline cell, and the 
absorptive rose-reacting cell. The relation between the phenomena 
exhibited by the eosinophile cell and the hyaline cell, illustrated by 
reference to parallel phenomena in the Protozoa and elsewhere. 

The question of immunity referred to. 

Introductory. (Added September, 1893.) 

[The most salient feature of the wandering cells of the body is their marked 
increase in numbers in inflammation. Virchow, originally, in his great work, * The 
Establishment of the Cellular Pathology/ traced the “Bundzellen Infiltration” to a 
pidbferation of connective tissue cells. Later, however, Beoklinghausen and 
Cohnhrim. showed that the white cells of the blood could penetrate tbe walls of the 
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blood capillaries, and so pass to an inflamed area. Thus, the first step was taken 
towards defining the morphological position of the wandering cells as an independent 
portion of the body. 

The fact that the wandering cells ingest discrete particles has long been known. 
Claus, Schultzb, Haec ke l, Hoek, and others described the process as occurring in 
both Vertebrates and Invertebrates. But the genius of Metschnikoff* first 
suggested the importance of this process to the body. He showed that ingestion was, 
in the case of bacteria and digestible ingesta generally, followed by digestion. This 
discovery enabled Metschnikoff to attain to some conception of the real significance 
of the inflammatory process, and the part the wandering cells play therein. 

While Metschnikoff was working at this question, startling additions were being 
made to our knowledge of the life-history of vegetable micro-organisms and the part 
they play in disease. The enormous importance of his discoveries, as suggesting an 
explanation of the resistance of animals to the invasion of these bodies, became at 
once obvious, and Metschnikoff was led to formulate a theory of the immunity of 
animals in which the resistance to the disease germs is referred solely to the 
phagocytic activities of the wandering cells. 

From this time onwards the wandering cells have been regarded almost solely 
from the relatively narrow standpoint of their relation to the conflict with pathogenic 
germs. 

The next advance in our knowledge was the direct outcome of the labours of those 
bacteriologists who refused to accept the phagocytic theoiy of immunity as a complete 
solution of that problem. 

The discussion of the origin of immunity, like the earlier discussion of the origin of 
pus corpuscles, led to the enunciation of extreme theories. Those observers who found 
themselves in opposition to Metschnikoff, went so far as to deny to the wandering 
cells any direct participation in the processes which attend the development of 
immunity, and, without attempting to explain how the plasma gained such pro¬ 
perties, they gave to the world one or other form of a “ humoral theory.” 

In this way two distinct schools arose, one which attributed all to the phagocytic 
activity of the cells, another which regarded the fluid plasma as all important. 

The result of an attempt to effect a compromise between these extreme views was 
the formation of a third school, which regards any special activity of the plasma as 
being due to substances derived from the cells, and its adherents find their support 
in the work of Wooldridge, of Hankin, and of Buchner. 

In order to see how this led to a wider appreciation of the functions of the 
wandering cells it is necessary to trace briefly the main lines of the discussion. 

In 1887, Fodor, Nissen, and others established the fact that the blood serum 

* ‘ Annales de l'lnstitut Pasteur,’ 1887, pp, 321-336; ibid., 1889, p. 25, et . seg. ; ibid., 1889, p. 289, 
et, seq.; ibid., vol. 4, p. 65, et. seq. ; ibid., vol. 4, p. 465. Virchow's ‘ Archiv,’ vol. 97, p. 177; ibid., 
vol. 107, p. 209; ibid., vol. 109, p. 176; ibid., vol. 113, p. 63. 
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possesses marked bactericidal powers, and the result of this discovery was the 
enunciation of a humoral, as opposed to a cellular theory of immunity. 

Metschnikoee, and other supporters of the cellular theory, soon proved that this 
bactericidal power was not possessed by blood in the body, but was developed as a 
result of post mortem changes, and, in 1888, Buchner clearly correlated the develop¬ 
ment of the bactericidal power with the breaking up of the leucocytes in shed blood, 
and, in 1890, Hankin succeeded in isolating a bacteria-killing substance from 
lymphatic glands and the spleen. Thus, the idea that Borne, at any rate, of the 
wandering cells were concerned in the production of a peculiar substance characterized 
by its bactericidal power was suggested. 

The nature of this substance, and especially the nature of its action on bacteria, 
whether, for instance, it destroys them or merely hinders their growth, are questions 
which have engaged the attention of many workers, but which do not concern us 
here. 

Turning to the development of our histological knowledge of the wandering cells, 
we find that the existence of more than one kind of leucocyte in Vertebrates was 
recognized at a very early period. But it was not until Ehrlich,* in 18F8, drew 
attention to the specific granulation of these bodies, and, with the help of the aniline 
dyes, provided us with a method of histo-chemical analysis, whereby the different 
forms could be readily recognized, that any great advance in the direction of deter¬ 
mining differences of function became possible. 

The striking histological advances made by Ehrlich and his school were, until 
quite lately, completely ignored in the discussion which raged around the cellular 
theory of immunity, and the wandering cells still continued to be spoken of indiffe¬ 
rently as phagocytes, with no recognition of the possible existence of diverse forms 
endowed with diverse functions. 

It is difficult to determine when or how the attention of those concerned in the 
discussion came to be attracted to the granulation of the cells, but it may be traced 
mainly to the work of Buchner, Hankin, and those others who derived the bacteri¬ 
cidal substance from the leucocytes. 

Although the observations which we are about to record have, we venture to think, 
a direct bearing on the theory of immunity, we would ask that they might be 
regarded, not in this light only, but as some contribution to the more general natural 
history of the wandering cells.] 

On investigating the histology of the body fluids of certain Invertebrates and 
Vertebrates, we find that animals widely separated in structure and habits possess 
the same kinds of wandering cells. But we also find (1) that, within the limits of a 
single group of animals, the simplest forms possess only one kind of wandering cell, 
while those with greater structural complexity have all the three typical forms 
fhaaply and completely distinct from one another; and (2) that during the total 
* Ehehch, ‘ Earbenanalytische TTuters., 5 Berlin. 
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period a Mammal has only one kind of wandering cell. These facts suggest two 
ideas: firstly, that a certain fixity of type must be accorded to each kind of 
wandering cell, that the different forms found in the more complex animals must he 
regarded as distinct from one another in their development and life history, even if 
they he regarded as having a common origin ; and, secondly, that, corresponding with 
this divergence and fixity of type, there must be divergence and fixity of function. 
We have endeavoured to demonstrate a disparity of function comparable to the 
disparity of form by comparing the behaviour of the different kinds of wandering 
cells towards various substances when added to the lymph or blood. 

Since the wandering cells of the Frog retain their vitality for a long time after 
removal from the body, that animal has been mostly used. The lymph is obviously 
most serviceable for examination, but the cells of the blood are similar and offer 
similar phenomena. 

Some observations have also been made on Astacus , the Rat, and the Rabbit. 

The experiments on the cells when out of the body have been controlled by parallel 
experiments on the cells while still within the body. 

We have to thank many friends for willing help and criticism, but special 
acknowledgment is due to Miss Greenwood for allowing us to see her preparations, 
and follow the results of her later and still unpublished work on digestion in 
Protozoa. 

Section I. 

Methods Employed. 

In determining the identity of the wandering cells, we have had regard to 
differences as to shape, whether the cell be resting or amoeboid, as to the texture of 
the cell-substance, as to the nuclear type, and as to the presence or absence and the 
histo-chemica! nature of the cell-granules. The shape and appearance of the cells 
when resting is not more serviceable for their identification than their appearance 
when active. The manner of emitting pseudopodia, and the appearance of the cell 
when it has thrust out these appendages is markedly different in different cells. 

Differences in the texture of cell-substance are brought into marked prominence 
by the use of iodine, and this reagent cannot be too highly praised in this connection. 

The nuclear type of the various cells has been studied with the aid of a solution of 
methyl-green, slightly acidulated with acetic acid, and to which a trace of osmic acid 
has been added. 

Nuclear characters are also shown by treatment with an alkaline alcohol-osmic acid 
solution of methylene-blue, which is practically Loeefler’s solution with much less 
methylene-blue present and with a trace of osmic acid added. With this solution 
eosinophile* granules remain entirely uncoloured and unchanged. Amphophile 


* Ehbligh, * Earbenanalytisclie Unters.,’ Berlin. 
2 0 2 
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granules are stained blue, or rarely a very dull violet when viewed with, yellow light. 
And the basophile granules appear violet with daylight, and brilliant rose with 
yellow light. Nuclei and microbes are blue with both lights. The substance which 
produces the rose-coloured modification of methylene-blue does so whether it be 
present as granules in the cell-substance, or dissolved in the surrounding fluid. The 
reaction also survives with unaltered intensity when the preparation is dried at the 
temperature of the air and mounted in Canada balsam. 

The study of the living cells, and their behaviour towards noxious or innocuous 
substances has been carried out (1) by injecting various substances into the lymph 
spaces of the Frog, and withdrawing drops of lymph for examination at varying 
intervals of time, and (2) by hanging drops. The hanging drops were suspended on 
the under side of a cover-slip in moist chambers sufficiently large to provide air 
enough for the needs of a small drop of lymph for about ten hours, without 
introducing a fresh supply. In this simple way we have been enabled to continuously 
observe the processes taking place in a drop of lymph or blood after inoculation with 
microbes, poisons, &c., for periods up to ten hours. Discontinuous observation has 
been kept up for 40 to 50 hours. The cover-slips used were always carefully cleaned 
with acid and absolute alcohol, and then sterilised by heat immediately before use. 

The study of these drop-cultures was controlled by examining lymph taken from 
the lymph sac and peritoneal cavity of a Frog, into which microbes, &c., had been 
injected. In all cases the most complete accord was found, frequently extending to 
the element of time. 

To study the effects of temperature, the drops were placed on the ordinary metal 
stage, through which warmed or cooled water was circulating. In these experiments 
it is essential that the whole chamber and the cover-slip should be brought to the 
requisite temperature before the lymph is added. Otherwise the earlier stages will 
occur before the temperature has either risen or fallen to the required point. 

It is most important to note that, in order to obtain satisfactory results, it is 
necessary to use only freshly captured Frogs. 

Section II. 

Histology of the Frog’s Wandering Cells. 

In the body of the Frog three kinds of wandering cells occur. These are (1) the 
eosinophile cell, (2) the hyaline cell or phagocyte, and (3) the basophile cell with 
rose-reacting granules. These, together with the red corpuscles and platelets, 
constitude the sporadic mesoblast of the Frog, thus constituting a tissue whose 
elements, unlike the elements of the other tissues, have no coherence, and but little 
fixity of place. Like the other tissues of the body, however, this particular tissue 
increases or decreases in bulk in. correspondence with certain bodily needs, the 
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increase in bulk being largely due to the multiplication of the cells, whether 
eosinophile, hyaline, or rose-staining, by binary fission. This occurs freely in the 
body fluids, and may be watched outside of the body in a hanging drop. 

(1.) The eosinophile cell (Plate 29, figs. 1-3, 10, 14), when resting, is spherical in 
shape. The more central portion of the cell is occupied by a greater or less number 
of highly refractive granules, each granule having a yellow-green lustre. These 
granules were identified by Ehrlich with his a, or eosinophile group. # With very 
high magnification the individual granules sometimes appear to have a short and 
long axis, and to be slightly spindle-shaped. The central portion of the cell, or 
endosarc, which contains the granules and the nucleus, is clearly distinguished from 
the delicate ectosarcal layer of very transparent mobile protoplasm, though, in the 
Frog, owing to the smaller size of the cell, the distinction is not so beautifully shown 
as it is in the larger eosinophile cell of Astacus.i The nucleus of the eosinophile cell 
is exceedingly characteristic. It is elongated and bent to a horse-shoe shape. The 
chromatin filaments are either irregular or radiate from two nodes, situated towards 
either end of the nucleus. Sometimes the nucleus is trilobed. When proliferation 
of the eosinophile cells is taking place they are to be found with more than one 
nucleus. Under appropriate stimuli the eosinophile cell becomes very active. Such 
stimuli are, normally, of a chemical nature and may be regarded as a change in the 
surrounding fluid. This may be produced either by clotting, or by the introduction 
of foreign substances, such as microbic poisons. If the cell is floating freely in 
the fluid, then the activity is confined to the thrusting out of the ectosarc as short 
filiform pseudopodia, which radiate from the still spherical endosarc, and do not 
necessarily result in locomotion. If, however, the cell is in the neighbourhood of a 
chain of active microbes, then the pseudopodial activity becomes so far modified, that 
the cell progresses towards the chain. Lastly, when the cell effects actual contact 
with the microbe the pseudopodial activity becomes suddenly changed into violent 
streaming movements, which result in the extension of the cell along the chain 
(figs. 10, 14, 17). So-called indifferent particles of any kind or shape, such as Indian 
ink, in no wise affect the activities of the cell, even though accidental contact occur. 
Contact with an active microbe, however, not only stimulates the cell to increased 
movement, but also produces a new activity of a glandular nature. The granules are 
thrust from the endosarc into the ectosarc, and travel towards that portion of the 
cell which is in contact with the chains; there they rapidly lose their brilliant 
refractive nature, shrink in size and disappear. (Fig. 10b.) 

Complete discharge of the granules may occur, and then after an interval the cell 
may reform its granules which, at first, are different from the initial eosinophile 
granule. These processes are described in detail in a later section; enough has been 

* Ehrlich, “ Ueber die speci6.sah.en GrannlatioHen des Blutes,” ‘ Verhand. d. Physiol. Gesellsch. zu 
Berlin,’ 1878. 

+ Compare figs. 1 and 5, Plate 7, ‘ Journal of Physiology,’ vol, 13. 
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said here to substantiate the statement that in the eosinophile cell we are dealing 
with one which has both glanular and amoeboid properties corresponding to differen¬ 
tiation of the cell’s body into a central glandular endosarc, and a peripheral contractile 
ectosarc. 

A change of medium also stimulates cell division. This process we have watched 
in a drop culture (Exp. 1), and in all cases the daughter-cell has been free from 
granules. In a comparatively short time granules commence to be formed at a point 
situated rather to one side of the centre of the daughter-cell. 

The Re-formation of Granules. 

The Amphophile Granule (fig. 17).—The glandular activity of the cell does not 
always result in a complete obliteration of the granule as a histological feature of the 
cell. Under the influence of poisons, e.g. } urari, or bacterial products, the granules 
may be so far altered that they stain with methylene-blue as well as with eosin. In 
other words they become amphophile in the sense in which Ehrlich uses the term. 
The relation of this change to the complete discharge of the granule can be better 
discussed after the different phenomena exhibited by the eosinophile cell have been 
more fully described. The amphophile granule is also produced in another way. The 
eosinophile cell will, after the complete or partial discharge of its granules, load 
itself with newly formed ones. These at first appear to be always amphophile, and 
there is, therefore, a stage in the elaboration of the eosinophilous substance at which 
this is amphophile. 

(2.) The hyaline cell (figs. 1, 4, and 17) is the only one of the three elements 
which has been seen by us to manifest the phenomenon of phagocytosis, that is, 
which ingests and digests discrete particles. This cell is the “ mononuclear ” cell of 
Metschnikore.* Since, however, the other cells of the Erog are strictly mononuclear, 
we have thought it wise to adopt a different term. In the resting condition the cell 
is spherical. The cell-substance betrays no differentiation into ectosarcal and endo- 
sarcal portions. Therefore, when this cell becomes active, it may exhibit the wildest 
irregularities of form. There is no special pseudopodial character, the processes may 
be simple, or branched, they may be extraordinarily long and attenuated, or mere 
rounded eminences. Lastly, the cell may become excessively flattened until it is 
reduced to a protoplasmic film. The cell-substance is very clear and transparent, and 
free from specific granules. The nucleus is exceedingly characteristic. It presents, 
when stained, the appearance of a spherical bladder, formed by a very delicate 
staining membrane, and enclosing a sharply defined spherical nucleolus, which is 
placed at the centre of the sphere (fig. 4). Fine filaments may often be traced from 
the nucleolus towards the nuclear capsule, hut they are seen with difficulty. When 
prolfferation A of these cells occurs nuclei may be found containing two nucleoli (fig. 17). 

* ‘Lemons but la Pathologic compare de rinflammation/ Huitieme De^n, p. 131. 
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The most prominent functional characteristic of the hyaline cell is its power of 
ingesting and digesting solid particles. At the same time this power is strictly 
limited, for the hyaline cell is absolutely incapable of ingesting, or even of effecting 
contact with, for instance, an intact and virulent anthrax bacillus. The bacillus must 
first be killed or maimed. In the presence of such substances as coagulated proteid, or 
dead bacilli, the cell exhibits the following well-marked phenomena. The food 
particle is ingested by pseudopodial activity in the ordinary way, and at first lies 
merely embedded in the cell-substance. A digestive vacuole is formed round the 
particle, which floats freely in the vacuolar fluid. The particle, if soluble (e.g., the 
bacillus or proteid mass) is dissolved, and, lastly, the now empty vacuole closes. In 
other words, this cell accurately reproduces the ingestive and digestive phenomena of 
the carnivorous Protozoa. 

Though we have not endeavoured to witness the fission of these cells, yet we 
have found them increase in number in a hanging drop. We have also seen a 
hyaline cell multiply in a hanging drop by a process of budding, rather than by 
binary fission. In this case the daughter-cell is about one-third the diameter of the 
mother-cell. Such young hyaline cells may be seen in hanging drops when leuco- 
cytosis, that is to say, an increase in the number of cells, has been induced by the 
presence, for instance, of some microbe (fig. 7). 

The hyaline cell is much more easily killed by change of medium than the other 
two kinds of cells. It, however, exhibits considerable differences in this respect in 
different Frogs. If the cells be asphyxiated, as, for instance, by putting a cover-slip 
down on to a drop of lymph, they frequently burst in a way precisely similar to the 
bursting of the “ explosive ” or hyaline cells of Astacus* Rarely a similar fate 
befalls some of the hyaline cells in a hanging drop, and it is probably due to the 
formation of a very dense clot. In the relative instability of its cell substance the 
hyaline cell recalls the similar ingestive cell of Astacus. In Astacus , however, the 
cell is so unstable that it has been called the "explosive cell.” The hyaline cell 
of Astacus is similarly the phagocyte of that animal. 

(3.) Rose-reacting Basophile Cell (figs. 4 and 5).—This cell, like the similar cell 
in Astacus , is characterized by its relative immobility. We have never seen any 
signs of active pseudopodial movement. In normal lymph the rose-reacting cells 
are very few in number (about two per cent, of the total number of cells), and those 
present are also small as compared with the eosinophile and hyaline cells. As a result 
of the presence of foreign matter in solution in the plasma, these cells increase both in 
number and in size, and become highly charged with granules. A similar increase is 
frequently associated "with an cedematous condition of the animal A comparison 
between figs. 5a and 5b will render clear the great difference between what may 
perhaps be called the resting and active condition of the rose-staining cells. The 
transition from the resting to the active condition will take place in hanging drops. 

* Ha&dy, * Journal of Physiology/ vol. 18. 
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In the resting condition the cells are small, spherical, and have a large spherical 
nucleus. The cell-substance is very scanty, but is charged with granules which are 
much smaller and very much less refractive than the eosinophile granule. It was in 
these cells that Ehrlich first described the existence of the fine basophile granule, or 
S-granulation.* In the latter character, namely, the duller appearance in the living 
cell, they resemble the similar rose-reacting granules of Astacus. The spherical 
nucleus either stains uniformly, showing no chromatin filaments, or it encloses a 
central irregular chromatin mass, from which filaments stretch to the nuclear capsule. 

The enlarged active cell is usually angular in shape, and the nucleus is then 
mostly oval. The cell-substance is highly charged with granules, which, as in the 
similar cell of Astacus , extend quite to the margin of the cell. There is never 
any trace of an ectosarc. Not infrequently the cell body contains a vacuole. We 
have never witnessed the manifestation of any kind of ingestive activity on the part 
of the rose-reacting cell, and the increase in size and number appears to be related 
solely- to the presence of substances in solution in the lymph. Little is known of 
the distribution of these cells in the body. 

In Astajcus, as has been previously shown, t similar cells inhabit a peculiar tissue, 
which forms the adventitia of the anterior sternal artery. 

In the Erog they are normally present in the connective tissues, and in the 
Mammalia, probably, identical cells are found in the peculiar adventitia of 
the arteries of the spleen and grouped about the capillaries, especially of the 
splanchnic area. Dr. Sherrington exhibited specimens to the Physiological Society, 
in May,- 1891, which showed very similar cells grouped about the blood-vessels 
of the intestine in cases of cholera.]; 

Giant Cells (figs. 11 and 16).—These do not normally occur in the Frog, but are 
formed at a certain stage after the introduction of microbes into the lymph. Their 
formation may be followed in the hanging drop, and they are then seen to be very 
remarkable bodies, produced by the partial fusion of eosinophile cells or hyaline 
cells, or both. They are, therefore, of a plasmodial nature. As will be seen later, 
their formation recalls, in its mode and effects, the temporary conjugation of 
some Protozoa, and similarly these plasmodia ultimately disintegrate into their 
constituent cells (see Section V,). These plasmodia are produced either by the 
fusioD of (l) eosinophile cells—in this case the fusion is limited to the ectosarc—or 
(2) hyaline cells, when the fusion of cell-substance is, so far as can be seen, complete. 

* “ Beitrage z. Keuntniss <3. Granulirten Zellen, &c,” ‘Vertand. d. physiol. Gesellsch. zu Berlin.’ 
1878-79, No. 8 . 

f Hardy, ‘ Journal of Physiology , 5 vol. 13, p. 177. 

t Since writing the above we have found that the basophile cell found in the peritoneal cavity of the 
Prog differs from the basophile cells found elsewhere in the body. The differences are of two kinds : 
(D th® peritoneal cells are larger, and ( 2 ) the basophile grannies which they contain are larger and 
are well-defined spheres. The peritoneal cells thus show grannies belonging to Ehrlich’s group 7 . 
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Lastly, there is also (3) a plasmodial mass, formed of both eosinophile and hyaline 
cells. With regard to the third case we are not prepared to say whether the fusion 
is complete, a single plasmodium resulting, or whether the plasmodium is double, the 
eosinophile cells being in contact with an inner hyaline plasmodium. 

Various observers have noted the fact that the eosinophile cells are relatively 
more numerous in Frogs during winter. Our observations have been confined to 
the summer months, and we have found that the relative number of the different 
classes of cells varies in different parts of the body. In the lymph from the 
subcutaneous lymph spaces the eosinophile variety form from 17 to 25 or 30 per 
cent, of the total number of cells. The basophile cells form about 2 per cent. 
In the peritoneal fluid the percentage of eosinophile cells is higher, ranging from 
30 to 50 per cent. 

The histological structure of the sporadic mesoblast of the Frog, excluding the red 
corpuscles and platelets, which stand on a different footing from the rest, may be 
summarized as follows:— 


I. Cells normally free in the 
blood and in the lymph. 


Normal . . <j 

II. Cells are few in number and 
small in normal lymph. 
Normally present in the 
lacnnar spaces of areolar 
tissue. 

III. Large amoeboid cells, vacuolate, 

•with ingesta frequently in the 
Abnormal vacuoles, multi-nuclear, very 

active and phagocytic. 

IV. Small bodies either round and 

quiescent or amoeboid. 


(a.) Eosinophile cells, nucleus horse-shoe shaped 
or lobed; do not ingest particles; but are 
motile unicellular glands. 

(6.) Hyaline cells, free from specific granula¬ 
tion : nnclens round with central nucleolus. 
Phagocytic, i.e., they possess the power of 
h ingesting and digesting discrete particles. 

(c.) Basophile cells, spherical, with scanty proto¬ 
plasm when small, angular, rounded or flat¬ 
tened when large, cell-substance charged 
with tiny basophile granules, which give a 
vivid rose colour with methylene - blue. 
Large oval or round vesicular nuolens, 
sometimes containing irregular chromatin 
mass and filaments. 

Giant cells formed by fusion of hyaline cells 
similar to the large phagocytic cell of 
Astacus. 

Nucleated cells budded off from the eosinophile 
or hyaline cells. 


Section III. 


The most constant phenomenon of inflammation in a vascular part is the appearance 
of an. increased number of wandering cells in the tissue outside the blood-vessels. 
Some of these cells appear on the scene by means of migration from the interior 
of the blood-vessels, others find their way thither by migration from neighbouring 
tissues along lymph paths, but the increase is also largely due to the direct 
multiplication of the cells by fission on the spot. Whether these cells are attracted 
by means of “ chemotaxis ” or . not, does not concern us here, and we shall abstain 
mdcccxoiv.—b. 2 p 
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from offering an explanation of the process or cause leading to this collection or 
infiltration of cells. A question which was of much greater importance to us is the 
nature of the cells, and the sequence in which these cells appear. On injecting 
substances like anthrax culture under the skin of the Frog, do the three kinds of cells 
appear simultaneously, or does one class of cell appear before another ? 

This is a point which, so far, has been neglected by those who have made 
“ chemotaxis ” a subject of special investigation. Being satisfied, or assuming, that 
the attracted leucocytes are phagocytic in property, they have considered it sufficient 
to prove that, in certain animals, by means of certain substances, or bacilli, leucocytes 
are attracted, and positive chemotaxis was considered to be of special use to 
phagocytosis, because it was tacitly understood that the leucocytes attracted to the 
spot were always active phagocytes. We shall now show that this conception is true 
in part only, and that the usefulness of the wandering cells in the conflict against 
injurious substances does not lie wholly in their phagocytic powers. 

We have seen that the Frog possesses three kinds of wandering cells. Of these, 
the eosinophile cells are never phagocytic, the hyaline cells, on the other hand, are 
so. If, therefore, the usefulness of f< positive chemotaxis” in the battle against 
micro-organisms lies solely in the fact that thereby phagocytes are attracted, the 
hyaline cells should be the ones to appear on the battle-field. We found, however, 
that the cells which first collect in greatest number (or are attracted) are the eosino- 
phile ones, and that it is not until some time has elapsed that the hyaline cells 
become evident. 

On injecting a fresh culture of anthrax bacilli into the subcutaneous tissue of a 
pithed Frog, and keeping it at the ordinary temperature, which was 12° C. at the 
time these experiments were performed, and removing drops of lymph with a capillary 
pipette at intervals of half an hour, it was noticed that the leucocytes which first 
appeared were the eosinophile ones. They rapidly increased in number until the 
third or fourth hour after inoculation, and collected in masses around the bacilli. 
From the third or fourth hour onwards hyaline cells become conspicuous, increasing 
gradually in number. The eosinophile cells still further increased, and after eighteen 
or twenty-four hours their number was very great, and often masses of bacilli could 
be seen surrounded by those cells, and wherever the number of eosinop hil e c ell s was 
greatest, there also the hyaline cells were most conspicuous, and phagocytosis most 
marked. 

The first phenomenon noticed, therefore, after an inoculation with an thrax, is the 
appearance of eosinophile cells, or, sit venia, v6rbo } an eosinophile leucocytosis. Many 
of these cells certainly find their way to the field of action by migrating from the 
. vessels, others from the neighbourhood, eosinophile cells being always found free, i.e., 

, vessels, in the lymph spaces. Undoubtedly also the cells multiply in situ. 

shall show later, a multiplication of the eosinophile cells may be easily 
the slide in a hanging drop ; again, all the above phenomena may 
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be watched in the amputated leg of a Frog, and also if after stripping the skin of a 
Frog’s thigh from the muscles, and tying it at both ends so as to convert it into a 
closed tube, we inoculate this tube with anthrax bacilli, and keep it at the ordinary 
temperature. “ Chemotaxis,” therefore, cannot by itself explain this leucocytosis, 
for besides an attraction, if such exist, we also have an active proliferation of 
eosinophile cells. 

On repeating the above experiments with cultures of Bacillus pyocyaneus , or 
with beer-yeast, or even with inorganic irritants, such as nitrate of silver, the same 
result was always obtained : the cells to appear first were invariably the eosino¬ 
phile leucocytes, and it was only later that the phagocytes increased at the seat of 
lesion. 

Other methods also were employed to show that the eosinophile cells are the first 
attracted. On placing small sponges dipped in cultures of anthrax, pycyaneus, or 
yeast, or even in a very dilute solution of nitrate of silver, either under the skin or 
into the peritoneal cavity of a Frog, after two to four hours eosinophile cells were 
almost exclusively found in the meshes of the sponge. Lastly, on placing capillary 
tubes filled with the same substances under the skin, or into the peritoneal cavity 
of a Frog, after two to four hours the same result was obtained. 

It is only after the eosinophile leucocytosis is established that the hyaline cells 
begin to appear in appreciable quantity, and they now rapidly increase in number. 
At the same time, however, the eosinophile cells do not cease to increase, so that 
there is both an eosinophile and a hyaline leucocytosis. The hyaline cells at once 
become active,' and begin to take up the bacilli, and, as we said above, are most 
active where the eosinophile cells are most numerous. This has been observed so 
consistently, that even in the absence of better evidence, a correlation between 
phagocytosis and the eosinophile leucocytosis suggests itself. 

The hyaline cells now rapidly increase in number, and after eighteen to twenty-four 
hours are often very numerous; they may eventually outnumber the eosinophile 
cells, and they mostly contain bacillary remains in their interior. 

"When phagocytosis is at its height we notice yet another change. The rose-reacting 
cells, which under ordinary conditions are but sparse, are now greatly increased, so 
that at one time (about the eighteenth to twenty-fourth hour) all the three cellular 
elements are numerous. 

We have then the following changes after inoculating a Frog with anthrax. At 
first, the eosinophile cells appear and collect around the bacilli (eosinophile leucocy¬ 
tosis) ; then the hyaline cells appear (hyaline leucocytosis) and soon show a keen 
phagocytic action, the eosinophile cells increasing, however, at the same time ; and 
latest of all the rose-reacting cells also increase (rose-reacting leucocytosis). We shall 
attempt to show later the specific value of each of these groups of cells. One form of 
leucocytosis merges into and overlaps the other, and it is difficult to separate them 
from each other by any time limit. This much, however, is certain, that we have 

2 P 2 
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never observed phagocytosis with virulent anthrax without previous eosinophile 
leucocytosis. 

If, for some reason or other, the eosinophile cells do not appear, the hyaline cells 
are apparently powerless. Thus, on warming a Prog which has been inoculated with 
anthrax, the eosinophile leucocytosis is absent, and though phagocytes appear at times 
in large numbers, the bacilli will thrive, being left unharmed. It cannot be objected 
that heat “ paralyses” the phagocytes, because some of them did contain bacilli, and 
they will not refuse Indian ink or vermilion particles, though exposed to a tempera¬ 
ture of from 25°-30° C. 

Again, on narcotizing a Frog with a mixture of chloroform and ether, and 
inoculating it, while under the influence of the anaesthetic, with anthrax baccilli, the 
latter, as Klein and Cowell have shown, will often grow well. In some cases, 
however, even under these conditions, they will refuse to grow. In the latter cases, 
the eosinophile leucocytosis is always extremely well marked, in the former, the 
number of eosinophile cells is very small. Here also it cannot be claimed that the 
chloroform-ether mixture paralysed the phagocytes, because the latter, at times, were 
present in fairly large numbers, and, though they left the bacilli untouched, they 
invariably took up spores. 

The same was observed when the circulating blood was replaced by saline solution 
(75 per cent.). A cannula was tied in the conus arteriosus and the vena cava ant., 
and the NaCI solution was allowed to circulate under a low pressure for 2-4 hours, 
and then the Prog was inoculated in its subcutaneous tissue. The bacilli grew in 
most cases, and tben the absence of an eosinophile leucocytosis was marked, although 
the phagocytes were often present in large numbers, containing, in many instances, 
spores.* 

No doubt here, chloroform and ether and the artificial circulation cause changes in 
the chemistry of the tissues, but if must always remain a significant fact that in 
the absence of eosinophile cells the bacilli thrived excellently. The result of warming 
a Prog for a long time, keeping it for instance at 25° C. for a week or more, is quite 
different from that of a brief warming. If, at the end of the longer period, the animal 
be inoculated with anthrax, it is found to be immune as in the normal condition, and 
now, unlike the case of the brief warming, an abundant eosinophile leucocytosis takes 
place. Lastly, it may be mentioned here, that in many instances a cluster of bacilli 
was seen to be closely surrounded by a mass of eosinophile cells, with hardly a 
phagocyte near. The bacilli were then extremely degenerate and broken up, or 
forming spores, staining very badly or indifferently with methylene-blue. 

All these observations tend to show the great importance of the eosinophile cells 
in the conflict against the bacilli or micro-organisms. 

-* Jj&UrCQcyiosis w> a, H&nging Drop.— The three stages of leucocytosis can also be 
outside the body on the slide, by means of a hanging drop. On 
' V T r - ■ * Compare footnote to page 296. „ - ’ 
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removing a drop of lymph from a Frog and inoculating it with anthrax, and selecting 
a suitable spot for examination, it is seen that the eosinophile cells collect in 
numbers around the cluster of bacilli. In a successful specimen there is a well- 
marked increase of these cells, and it is possible at times to watch the division of 
these leucocytes. 

Later on, the hyaline cells approach the cluster, so that at this time the mass of 
bacilli is surrounded by both eosinophile and hyaline cells. The former appear to be 
present in larger number. On examining the hanging drop 12-18 hours after 
inoculation, staining it previously with a rapidly fixing solution of methylene-blue, a 
decided increase in the number of rose-reacting cells is noticed. The latter cells are 
found in all stages of development, from the small round form to the large and very 
granular one. 

On the slide therefore, as within the body, the phenomena are identical, and in 
each case the inoculation with bacilli is followed first by a collection or aggregation of 
eosinophile cells, next the hyaline cells appear in appreciable numbers, and the rose¬ 
reacting cells also increase at the scene of action. 

We have, in the hanging drop, also seen that whenever the initial eosinophile 
leucocytosis was absent, the hyaline cells did not exert any activity and were not 
attracted in numbers. On the other hand, whenever the eosinophile cells had 
collected around the bacilli in large numbers, in all typical cases the hyaline cells 
streamed towards the bacilh and ingested them eagerly. Here, therefore, we again 
find that there exists a distinct correlation between phagocytosis and eosinophile 
leucocytosis. 

The correlation between the increase in number of the basophile cells and the other 
kinds of leucocytosis is much more difficult to prove, because it seems that on simply 
keeping a drop of lymph over night in a moist chamber these cells will increase, 
though not in the same measure as after a previous inoculation with anthrax. 

Again, on inoculating a drop of lymph with a solution of albumen, the rose-reacting 
leucocytosis is well marked, though an increase in the eosinophile cells may not be 
observed. 

The question naturally arises as to how far the three kinds of leucocytosis are 
really distinct, as to how far they may occur independently. 

There appears to be little doubt that an increase in the numbers of one or other of 
the three types of cells may occur in the absence of a corresponding increase in the 
numbers of the remaining kinds. 

In oedematous Frogs the lymph is usually highly charged with rose-reacting cells, 
and this may occur with a diminution in the number and vitality of the eosinophile 
and hyaline cells. Similarly the injection into a lymph sac of finely divided and 
sterile coagulated proteid, such as is produced by boiling a solution of egg albumen, 
leads to an enormous increase in the number of hyaline cells, without a corresponding 
increase in the eosinophile cells. On the other hand, we have never witnessed an 
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eosinophile leucocytosis unaccompanied by a subsequent increase in the numbers of 
the other cells. 

Phagocytosis. 

Having thus far described the general changes which follow on an inoculation with 
bacilli, and the order in which the various cellular elements appear at the seat of 
injection, it remains now to discuss the minute changes and the parts which the 
different cells play in the conflict. Before doing so we must indicate what we 
consider to be the proper phenomena connoted by the term “phagocytosis.” 

M. Greenwood's study of the Protozoa, and particularly of Amoeba, has made it 
possible to give to this word a precise meaning.* The phenomena which follow the 
ingestion of a particle by one of the Protozoa are as follows (1) If the particle is 
digestible it at first lies embedded in the cell-substance, then a vacuole is formed 
about it so that the food mass now floats freely in a digestive fluid. Solution of the 
particle is more or less completely effected, and lastly, the vacuole closes, and if there 
be any insoluble remnant it is extruded. (2) If, however, the ingested body is 
insoluble the physiological reaction is, as it were, incomplete, and, as in the stomach 
of the highest animals in similar circumstances, there is no secretion of a digestive 
fluid, and therefore no formation of a vacuole. 

Thus the salient feature of the process is the inclusion within the cell’s body of 
discrete particles. If the ingesta be of a nutrient nature then certain well-defined 
phenomena follow, namely, the formation of the digestive cavity and the digestion of 
the fragment. If, on the contrary, the ingesta are insoluble, then the phenomena stop 
short at the ingestive act. Following these lines we would define phagocytosis as 
being primarily the inclusion of discrete particles in the body of a cell. This may be 
followed by the formation of a digestive vacuole and the solution of the particles 
This is the complete process of phagocytosis; or the included particles may simply 
remain embedded in the cell’s body, and to this incomplete act the term, must also be 
applied. In brief, phagocytosis implies an intra-cellular process. Extra-cellular 
digestion may occur, but it is not phagocytosis. 

Section IV. 

(1.) We shall now proceed to describe the appearances and. changes in a hn-nging 
drop of Frog s lymph, kept on a moist stage without being previously inoculated. 

On preparing a hanging drop as described above, and examining it under a high 
power (Zeiss D or E, oc. 4) we see that it is rich in cellular elements. These consist 
of the wandering cells with which we are dealing, together with some red blood 
corpuscles. The eosinophile cells at first sight usually appear to be most numerous, 
Striking appearance presented by their refractive granules, the rose- 

• r, ? * ‘Journal of Physiology,’ vols, 7 and 8. 
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reacting cells are by far the least numerous. It is, however, by no means easy to 
recognize the latter in the fresh unstained condition; but we have, by means of 
stained control-specimens, convinced ourselves of the great scarcity of these cells at 
this time.* 

It may here be remarked that good and healthy lymph clots rapidly, and that this 
property may serve as a criterion of the excellence of the lymph. It was often found 
that when our Frogs were diseased their lymph refused to clot, and, on the other 
hand, whenever lymph refused to clot, the changes and phenomena to be described 
later did not appear. 

The drops were placed under the microscope as speedily as possible. It was then 
noticed that the eosinophile cells at once became active, throwing out pseudopodia. 
Their movements are rather sluggish, and the change of form is also a slow one. The 
cell will soon again retract its pseudopodia and become spherical, and then once more 
throw out pseudopodia. It will thus alternately change its shape, and cease to do so 
only when it is apparently dead, being then spheroidal and regular in outline (fig. 3). 

The hyaline cells are more numerous, but are less readily seen. As a rule they are 
very active, and are seen to wander about the field and to throw out long and thin 
pseudopodia. 

It is, as we have just said, extremely difficult to recognize the rose-reacting cells in 
unstained drops, the regular spherical nucleus surrounded by a granular protoplasm 
being the only guide. In an ordinary drop they are apparently quite inert They, 
however, increase in number and size. 

Effect of Inoculating a Hanging Drop mth various Substances. 

By noting the different effects produced by different substances, when added to a 
hanging drop of Frog’s lymph, one is soon convinced that these substances might be 
divided into classes according to whether they affected more particularly one or other 
of the diff erent cells. In one class would be grouped those substances which are 
completely unnoticed by the eosinophile cell, while they were readily ingested by the 
hyaline cell. Indian ink, anthrax spores, and coagulated proteid are instances. 
Another class would include those bodies which attract both kinds of cells, such as 
vermilion, which has a slight action on the eosinophile cells, and is readily incepted 
by the hyaline c ells , and yeast cells, which have a very pronounced attraction for the 
eosinophile cells, and are taken up by the hyaline cells to a relatively limited extent. 
Yet another class would embrace substances which at first profoundly attract the 
eosinophile cells, and only after they have been subject to their influence can become 
the prey of the hyaline cells, such as active growths of B. anthmcis and B. jila- 
mentosus. Lastly, there would be the soluble substances, the action of some of which, 
at any rate, is, like that of egg albumen, mainly limited to the rose-reacting cells. But 

* Compare the relative numbers of the different cells given at the close of Section II, 
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the completion of such a series can only he contemporaneous with the attainment of 
a full knowledge of the functions of the various wandering cells, and, for the present, 
we can only note the differential action of various substances when introduced into 
the body, or into a hanging drop of lymph. 

The effect of some of the substances, which we have so far examined, may now be 
given in detail. 

(«.) Inoculation with Anthrax Spores *—When a drop of lymph is inoculated with 
anthrax spores obtained from an old agar-agar culture, many of the spores are at once 
taken up by the hyaline cells present.* A single cell may take up several of them. 
The spores are apparently destroyed by the phagocyte, for, on allowing the speci¬ 
men to rest at the temperature of the room (15-20° C.), while many of the spores 
developed into bacilli—a process which can easily be watched under the microscope— 
these spores were invariably extra-cellular ; in do case did we observe spores, which 
had been ingested, develop into bacilli. Food vacuoles were, in many cases, observed 
within the cell around the spore, showing that these bodies were being digested. The 
hyaline cells seemed to take up the spores immediately without the intervention of 
the eosinop hil e cells, there being thus, as we shall show, a great difference between 
the ingestion of bacilli and the ingestion of spores. It is difficult to say whether or 
no the eosinophile cells exert any influence on the spores, but tins much is certain, 
that the spores may be taken up and digested by the unaided hyaline cells. Nor 
did we notice a movement of the eosinophile cells towards a mass of spores collected 
on rhe cover-glass, like that which occurs in the case of the bacilli. 

On the other hand, when the spores had grown out into bacilli, the eosinophile 
cells were at once seen to move towards them and attack them in the manner we 
shall describe later when we come to discuss the conflict between the cells and the 
bacilli. 

(5.) Inoculation with Indian Ink .—The particles are completely unnoticed by the 
eosinophile cells, but are readily ingested by the hyaline cells. 

(c.) Effect of Finely-divided Coagulated Proteid .—The results are most interesting, 
and may be mentioned here, though they are most useful as aiding us to interpret the 
phenomena of repair. 

The coagulated proteid was prepared by dissolving white of egg in tap water, 
filtering, and then boiling the filtrate. An exceedingly fine precipitate may be thus 
produced. If this be injected into a lymph sac of a Frog, or added to a hanging drop, 
it is found to induce an excessive leucocytosis, which is almost limited to the hyaline 
cells. These ingest the exceedingly fine proteid particles, and mass them into balls 
which superficially resemble a specific granulation, and stain blue with methylene- 

* observations of Wakd, on the destructive action of light on anthrax spores, ■which have heen 
published since the MS. of this paper was completed (‘ Roy. Soc. Proc,,’ vol. 54, p. 472) make it possible 
that the spores, which were so readily ingested by the hyaline cells, were already dead. It will he 
noticed that the spores used by ns w ere obtained from old dry (agar-agar) cultures. 
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blue. For the present, the important point to notice is that the injection causes a 
proliferation, or leucocytosis of the hyaline (ingesfcive) cells. 

(d.) Effect of Solution of Egg Albumen. —This has been only partially investigated, 
and one result will alone be emphasized here. If a sterile solution of egg albumen be 
injected into a Frog, or added to a hanging drop of Frog’s lymph, it results in an 
abundant leucocytosis characterized by an increase in the number and size of the 
rose-reacting cells. 

(e.) Inoculation with Vermilion .—In the hanging drop we have observed that the 
phagocytes may take up vermilion particles without the intervention of the eosino- 
phile cells. But we never saw a destruction or digestion of the pigment particles, so 
that it is quite possible that the hyaline cells simply take up vermilion granules in 
order to carry them away without destroying them. We can, however, safely 
conclude from our experiments' that the vermilion particles may be taken up by the 
hyaline cells without the intervention of the eosinophile cells. 

These observations were controlled by experiments in the body. Anthrax spores 
and vermilion particles are rapidly taken up and carried away, without a previous 
eosinophile leucocytosis at the seat of inoculation. It is often stated that the spores 
first develop into bacilli and are then taken up by phagocytes. Observations on the 
living (pithed) Frog, however, show that most of the spores are taken up by cells, 
and at once destroyed. Many of the extra-cellular spores, however, develop into 
bacilli and are subsequently destroyed. 

Saline solution injected subcutaneously does not lead to any apparent changes, the 
eosinophile cells are not increased, and the hyaline cells seem to be unaffected. 

Section V. 

The Behaviour of the r Cells towards Active Growths of Bacillus anthracis and 
B. filamentosus. 

We shall now proceed to describe, in detail, the phenomena observed in a 
hanging drop following on an inoculation of bacilli (and their products). Bacillus 
anthracis and Bacillus filamentosus* in fresh cultures, readily grow into long chains, 
which form very convenient objects for continued observations. These bacilli are 
non-pathogenic, so far as the Frog is concerned, but they by no means react as 
indifferent substances, since when injected under the skin they always lead to a 
typical inflammation. 

It will be seen that the phenomena observed when these bacilli are used are widely 
different from those noticed when innocuous substances are employed. With very 
slight differences the appearances are the same, whether anthrax or filamentosus 
bacilli are employed. 

* This bacUluB Has been separated by Klein, -who kindly gave ns a culture. It grows in beautiful 
filaments, being, however, non-pathogenic. 

MDCOCXOIY.—B. 2 Q 



298 DR. A. A. KANTHACK AND MR. W. B. HARDY ON THE CHARACTER 


On inoculating a drop with a trace of bouillon culture (the latter should be fresh, 
preferably not older than twenty-four Lours), and observing a suitable chain of bacilli, 
we find the eosinophile cells which happen to be in the neighbourhood travel towards 
the chain, perfor mi ng slow amoeboid movements during their progress. Some of the 
cells apparently come from some distance. This may be an attractive influence 
exercised on the cells by the bacilli and their products, or it may be the expression 
merely of the active movements induced by the change of medium. When the cells 
reach the chain or individual bacilli, they at once become extremely active, extending 
and retracting their pseudopodia, and a constant streaming of the granules may often 
be observed. The granules, moreover, may be discharged, or at least wholly disappear, 
so that the same cell at one time appears highly grauular, at another almost hyaline. 
Then suddenly the cell will apply itself along the bacillus and, so to speak, pour itself 
along it, being in some cases applied to one side of the rod or chain, in others 
surrounding it, and yet in others fixing itself at the extremity of a bacillus. 
(Figs. 10, IS, 14, 15, 17.) 

At first sight it seems as though these cells had taken up the bacilli, but careful 
or continued examination will easily prove that this is simply ail appearance. The 
bacilli can, in most cases, be clearly seen to lie on or under the cell, or the cell is, so 
to speak, folded around the bacillus, and, if from any cause the cell contracts to a 
sphere, the sphere does not enclose the bacillus but only touches it. Moreover, as we 
shall show later, the eosinophile cell eventually leaves the bacillus, handing it over 
to the hyaline cells to be devoured. In fact, almost numberless observations have 
proved to us the correctness of Metschnikoff’s* statement that the eosinophile cells 
are never phagocytic. We have tempted them with charcoal, vermilion, Indian ink, 
with many kinds of bacilli and cocci, with curare and other substances, hut they 
refuse all things alike. 

Thus the eosinophile cell comes into apposition with the bacillus and streams along 
it, losing its previous spherical shape. It is now more or less fusiform, so that we 
have the appearance shown in figs. 10 e and 17. In many cases by focussing one can 
detect the bacillus and determine with ease that it does not lie in the substance of 
the cell, but in other cases it is impossible to recognize any trace of the bacillus in the 
area occupied by the cell. 

The latter will remain motionless for Borne time, the only change noticed being a 
continual fluctuation in the appearance and number of the granules. After a time the 
cell may again change its shape, becoming once more spherical, soon to assume another 
shape, and once more to s< pour itself out” along the chain. 

During this time other cells apply themselves along the chain, passing through the 
same phases. Others, on the other hand, simply swarm around the chain, so that at 
One stage the latter is both actively attacked by some eosinophile cells and closely 



* ‘ Lemons snr I’lntoraation.’ Paris, 1892, p. 138. 
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surrounded by others. In the case of the later arrivals the loss of granules is not so 
complete. This may be said to be an inverse function of the number of cells attacking 
the chain. The mass of eosinophils cells gradually contracts, so that the result is a 
“ plasmodial ” mass hiding the chain (figs. 11, 11a, &c.). It should be stated, 
however, that some of the eosinophile cells may leave the bacilli soon after they have 
poured themselves along the chain. 

The next phase is the approach of the hyaline cells or phagocytes. Several of 
these come up and become hidden in the plasmodial mass, which now presents the 
appearance of an opaque rounded or nodulated mass with separate heaps of granules 
on the surface (fig. 1 1 b). The contact of a fresh cell, as it comes to lose itself in the 
mass, acts as a stimulus, and causes active streaming and writhing movements. These 
become fainter and fainter until they are re-awakened in their first intensity by the 
arrival of another cell. Now gradually one eosinophile cell after another separates 
from the mass and moves off. Eventually we find that all which is left behind is a 
plasmodium of the hyaline cells containing fragments of bacilli enclosed in vacuoles, 
thus showing that an actual digestion is going on (fig. 16 b). The chain of bacilli has 
thus succumbed. The digestion of the bacillary fragments is completed, and finally, 
at any rate in some cases, the plasmodium of hyaline cells breaks up into separate 
cells. 

This is the description of a typical conflict. We have thus two stages—(l) the 
attack by the eosinophile cells ; (2) the ingestion and digestion by the hyaline cells. 

The attack by the eosinophile cells is an active one, and one which must be carefully 
distinguished from phagocytosis. Phagocytosis it is not, because we have neither 
ingestion nor digestion. There can be no doubt that the eosinophile cells have a 
distinctly harmful action on the vitality and growth of the bacilli, for it is seen that in 
cases where a chain is attacked by a sufficient number of these cells, without the 
subsequent access of hyaline cells, all growth is suspended. The bacillus apparently 
dies, or, at any rate, nutritive activity is impaired, because, ceasing to grow, it will 
either form spores or become absolutely unstain able. An actual solution or destruc¬ 
tion of the bacillus by the eosinophile cells has not been observed, but a chain will 
often be seen to be broken up into fragments, or to become di mi nished in size. 

In many specimens, where the number of eosinophile cells was large and the hyaline 
cells sparse, no growth was noticed anywhere in the drop, but many plasmodial masses 
were observed, within which the bacilli were hidden. 

The eosinophile cells proliferate, cell division being not infrequently observed, and 
young stages being by no means uncommon. They also seem to possess a high 
degree of vitality, for eosinophile cells which apparently had done their duty were 
seen to leave the plasmodial masses or the chain of bacilli, and to direct themselves to 
another field of action. 

At the end of the process the number of rose-reacting cells is greatly increased, 
cells in all stages often being found in great numbers. 

2 o 2 
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We have, by n um erous observations, convinced ourselves that these phenomena 
are not simply stage phenomena, but that they also occur in the organism. By 
removing lymph at different intervals from the seat of inoculation of a Frog injected 
with anthrax, all the various stages can be easily obtained. 

These experiments then throw new light on phagocytosis, showing that previous 
to the ingestion and digestion of the bacilli there is an attack by the eosinophile 
cells, which apparently prepares the bacilli to be taken up by the hyaline cells. 
That this is actually the case, observations in cases where the bacillus is victorious 
will show. 

In most hanging drops there, are always some parts where the bacilli are not 
destroyed or impaired, but develop typically. Now here there has been either 
a total absence of an attack by the eosinophile cells, or a very incomplete one, the 
cells, after a feeble attempt, leaving the bacillus to its own fate, A part of a chain 
actually in contact with or surrounded by an eosinophile cell, however, seems to be 
hopelessly beaten and refuses to grow, though rapid growth may occur in the 
unattacked parts of the same chain. Lastly, we have never seen a hyaline cell take 
up and digest a bacillus or chain of bacilli that had not previously been attacked by 
the eosinophile cells.* ' • 

The following is a detailed description of a few among our many observations :— . 

Experiment I. 

Drop I. 

Two drop cultures made from lymph from thigh of a Prog. 

Hanging drop inoculated with a small quantity of anthrax. A moist chamber was made, as desoribed 
in Section I., and over this was placed a sterilized cover-slip, with a tiny drop of bouillon from an 
anthrax cnlture on the under surface. Lymph was then taken from subcutaneous spaces of the thigh 
with a fine pipette, a drop rapidly added to the anthrax, and the cover-slip again inverted over the 
chamber. The preparation was then as quickly as possible brought on to the stage of a microscope 
and examined with Zeiss ob. D, oo. 4. Prom time to time sketches were made (of. figs. 11, 11 a, 
and 11 c). 

Watched a long chain of bacilli in the centre of the field. Two eosinophile oells c ame to each end, 
and one to the middle of the chain. Five cells in all. 

As soon as the cells reach the bacillus rapid streaming movements occur, and spread the cell- 
substance along the ohain. Rapid discharge of granules. 

Half hour.—Eosinophile cell at one end divided. Daughter-cell free from granules. It moved away 
from the chain. Within the next half-hour the same cell was seeu to divide again. Also one of the 
cells at the other end of the chain was seen to divide. 

Two more eosinophile oells have reached the chain, on which there are now seven cells. 

Chain broke in two. Two eosinophile cells are on the north piece, and this was watohed. 

I hour, 1 -A hyaline cell has now moved to the Chain and ingested one end. It has pushed out a long 
psendopodium to the other end of the chain. (The chain is slightly bent, fig. 11 .) 

; r ’‘\ This is only true when freshly made cultures of virulent bacilli are .used. Compare Section IV., 
p. and Seoti<m VI., on the conflict, with yeast torulee. 
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The pseudopodium is "being contracted, thus slowly bending the chain. 

The hyaline cell is displacing the eosinophils cells and more completely ingesting the chain ; part of 
the chain still attacked only by eosinophils cells. 

A third eosinophils cell rapidly moves towards the mass, and then throws out a delicate fringe of 
psendopodia, which tonch the mass, finally fusing with it. The contact of the new cell provokes violent 
streaming movements. Another eosinophils cell fuses with the mass (fig. 11b). 

The mass has now become rounded, the eosinophils granules have been re-formed, and we have four 
heaps of granules representing the four eosinophils cells on the surface of the mass. The hyaline cell 
and bacillus are completely hidden. 

N.B.—The last two eosinophils cells, and all those which join the mass later, do not completely 
discharge their granules. 

2 hours.—The whole field of the microscope has now become very full of cells, all of which, both 
eosinophils and hyaline, are in active amoeboid movement. 

Churning streaming movements of the mass slacken. A fifth, and then almost immediately a sixth 
eosinophils cell fuse with the mass, their onset, as before, causing violent streaming movements. Blunt 
psendopodia are also thrust out. 

Sometimes the mass becomes lobed, and one sees a heap of very numerous, large, and very refractive 
granules in each lobe. Again all outlines fade, and the spherical mass has a remarkable refractive, 
curdled appearance, and is very opaque (fig. 11c). 

2 hours 20 minutes.—A second*hyaline cell has fused with the mass. 

2| hours.—Preparation accidentally shifted. Low power put on to find the mass again. This is 
quite impossible, for the whole drop is now studded with similar masses. There are also a great 
number of free eosinophile cells. An enormous multiplication of these cellB has taken place. They are 
all heavily laden with granules. No free bacilli. 

3 hours.—Another mass chosen for watching; a large one (fig. 11 d). Hyaline cells very extended 
and numerous. 

3 | hours.—Hyaline cells exceedingly numerous and exceedingly irregular. Some which have 
wandered into the field are very large, and show vacuoles which contain fragments of bacilli. They are 
very active (fig. 12). 

The mass all this while assuming more and more the appearance of a heap of cells. All pseudopodial 
and streaming movements ceased. 

The mass now looks like a heap of eosinophile cells. These are separating from one another and 
are moving away. 

4 hours.—Twenty-five minutes later the eosinophile cells are gone, and disclose a large central hyaline 
cell. This,stage carefully drawn with camera lucida (fig. He). 

4^ hours.—Drop examined, and shows general phagocytosis. Observation discontinued. 

Drop n. 

Contained, in addition to scattered chains, one large mass of anthrax filaments. 

Cells very much less abundant than in Drop I. 

Three eosinophile cells attacked a cluster of anthrax filaments. Owing to relative paucity of cells the 
greater part of the anthrax in the field remained unattached. 

One cell watched attacked a mass of bacilli, and streamed along a chain showing active movements. 

Movements gradually ceased, and the cell contracted into a ball, which did not enclose the bacillus but 
remained just touching it. 

After a prolonged period of absolute quiescence the cell again became active, and now moved away 
from the bacilli. It twice changed its line of movement to avoid bacilli, and final ly came to rest in an 
isolated position. 

- During the third and succeeding hours the anthrax grew with immense rapidity. 
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The notes of an other drop-culture experiment, in which the phenomena were 
followed to the final dissolution of the plasmodium of hyaline cells and the close of 
phagocytosis, are as follows :— 

Experiment II. (figs 16 , 16 a and o). 

Drop culture made with subcutaneous lymph and observation started at 11.45. 

11.45. —Eosinophile cells moved up to a chain. 

A hyaline cell is near the south end of the chain. 

There are now six eosinophile cells on the chain. 

12.30.—The granules are constantly changing. Only four distinct cells now, three having fused. 

12.35. —The movements of the eosinophile cells have bant the chain. 

12 .45. —Fusing of the eosinophile cells only partial. Can now count seven cells on chain. 

A phagocyte at the sonbh end passes into the mass and is Boon lost sight of, as the eosinophile cells 
went all round it, moving en masse in a churning manner. 

1.0.— An other phagocyte came into the field at the north end but wandered off again. 

1.15.—The eosinophile cells are turning round and round, so that at one time it appears as though 
there were three or four cells, and then shortly eight or more. 

1.40.—The eosinophile cells are separating. One already gone. A minute later another eosinophile 
cell went off with a sudden jerk and then came hack. 

1.45. —Central hyaline cell seen now. A phagocyte in the field has ingested a pigment mass. It is 
vacuolated and the vacuoles contain fragments of bacilli. 

The same eosinophile cell left again and again came back. 

2.12.—The eosinophile cells are leaving. The hesitating cell gone at last. Only one eosinophile 
cell left. 

2.17.—Two hyaline cells have come from outside and fused. 

2.35. —A fourth hyaline cell has joined. 

3.35. —The hyaline cells now form a mass with food vacuoles (16 b). 

5.45. —The hyaline cells separating. Digestive vacuoles collapsing. 

6.25.—Vacuoles collapsed. 

As an instance of a case where the bacteria have ultimately triumphed, owing to 
their being present considerably in excess of the eosinophile cells, we may take the 
following experiment. In all such cases the conflict may be followed up to a point 
where the accumulation of bacterial products produces a complete paralysis of the 
eosinophile cells. Naturally this may occur at any stage in the conflict, and we have 
witnessed instances where the initial dose, so to speak, has at once paralysed the cells 
and instances which might aptly be styled drawn battles. In the latter the co nfli ct 
will endure for hours, the eosinophile cells killing some of the bacteria, while in others 
the bacteria are so far worsted that they have to resort to spore formation. 

Experiment III 

' BSOP CULTUBE KATE CONTAINING A. DaEQB Quantity OF BacUluS filcmentOSUS. 

-Scarcely any eosinophile cell with granules. In one case saw the granules shrink in size, 
leaving vacuoles. 
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11.30. —One long chain in the field stretches np from the bottom of the drop where cells mostly are 
into an almost cell-free region. Three cells on this chain. When first seen they were quite free from 
grannies. Now they are re-forming them. 

11.35.—Cells are moving up the chain and others are approaching the lower end. 

11.38.—The eoBinophile cells generally are re-loading themselves with grannies. 

1L40.—The appearance of the hyaline and eosinophile cells in the preparation is very striking 
(cf. fig. 18). Upper part of the chain still unattached. A fourth cell is streaming up from the lower 
end. Another chain in the field, which lies lower down in the drop, is already closely surrounded by 
12 granular eosinophile cells. 

From this a short branch chain extends upwards which is free from cells. 

The cells are all moving very sluggishly. 

11.55.—The last cell to come on to the chain (No. 4) is hopelessly defeated. It bursts up and only 
droplets are left. 

12.45.—No farther attack has taken place. Cell No. 3 looks very bad and curdled. The bacilli are 
not growing. Two cells still on the chain are spherical, as are also the free cells. 

1.10.—Some of the 12 cells on the deeper-lying chain are still extended. Others are ronnded. 

2.30. —Bacillus growing now where it has been unattacked. The chain which was attacked by 
12 cells appears quite dead, but the short chain projecting upwards has increased in length. 

Later .—Very rapid growth of bacilli. The chain attacked by the 12 cells, however, is completely 
dead. Of the other chain part was killed, and part which was exposed for only a short time to the 
attack of the eosinophile cells grew. 

(The growth of the bacilli was always determined by making a plan of the chains and numbering the 
rods.) 

The fact that the bacilli are attacked at first exclusively by the eosinophile cells 
was clearly shown in the following way :—About 0‘2 cub. centim. of a fresh bouillon 
culture of anthrax was injected into the peritoneal cavity of a pithed Frog. When 
20 minutes had elapsed the cavity was opened and film preparations made, and 
stained with -eosin and methylene-blue. On counting the cells in these preparations, 
it was found that no less than 82 per cent, of the eosinophile cells were in contact 
with bacilli. On the other hand, only 2*6 per cent, of the hyaline cells were even in 
contact with bacilli. 

In a second experiment of a similar nature it was found that 42 per cent, of the 
eosinophile cells were in contact with bacilli, and only 2 per cent, of the hyaline cells. 

The cells were counted with Oc. 10, Ob. apochromatic oil immersion, by Powell 
and Lealand. 

The phenomena seen in a hanging drop of lymph inoculated with anthrax or 
Bacillus filcvmentosus show clearly that the intruding organism is always attacked 
first by the eosinophile cells before the hyaline cells attempt to ingest them or their 
remains. But we are able to go a step further than this and say that the hyaline 
cell is incapable of ingesting an anthrax or filamentous bacillus before it has been 
killed or maimed by the eosinophile cell. 

The sequence of events observed in experiments similar to those described in detail 
would afford strong presumptive evidence for this statement, and we find further 
support in noticing the different behaviour of the two kinds of cells towards the 
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bacteria and indifferent particles when they a,re present together in the hanging 
drop. 

We have already seen that the eosinophile cells are not at all phagocytic, and that 
they are completely unaffected by the presence of indifferent particles in the plasma. 
On the contrary, the hyaline cells are attracted by such particles as vermilion, Indian 
ink, or coagulated proteid. They ingest them, and, if possible, digest them. 

Now, in the drop cultures, we find that the phagocytes are never attracted by the 
fresh bacilli. They are even repelled by them. We have seen a freshly budded 
phagocyte come into the near neighbourhood of an anthrax chain (fig. 8) and there 
exhibit active pseudopodial movements, which neither resulted in locomotion of the 
cell, nor in effecting contact with the bacillus. After a while the movements slowed 
and ceased. Then they were renewed and now the cell moved away from the 
bacillus. 

Bacilli and Indian Ink or Vermilion .—In a drop of lymph inoculated with 
bacilli and with Indian ink or vermilion, we see strikingly displayed the differential 
activity of the two kinds of cells. The phagocytes will readily ingest the indifferent 
particles, while the eosinophile cells with even greater readiness attack the bacilli. 

Bacilli and Spores, —This is only , true of the kinetic phase of the life-history of 
the bacillus. The potential form, the spores, are at once ingested by the phagocytes* 
and in a hanging drop, inoculated both with bacilli and spores, we witnessed the 
eosinophile cells attacking the bacilli, while the phagocytes ingested the spores. In 
illustration of this we may quote the notes of the following experiment:— 

Experiment IV. 

A drop o£ Prog’s lymph was inoculated -with fresh bouillon culture of anthrax, and also with anthrax 
spores from an old agar culture. 

8 p.m,—S pores taken up rapidly by hyaline cells without intervention of eosinophile bells—quickly 
vacuoles are formed, and some of the spores are being digested. At the same tim e the usual attack of 
eosinophile cells on the bacilli took place. 

7.45.—Many extra-cellular, spoEes have become bacilli, 

, 9.30. -Eosinophile cells have attacked the, newly-developed bacilli and everything is procee ding as 
before. There appears to have been a proliferation of eosinophile cells. 

But to prove the statement that the destruction of ! anthrax and Bacillus 
JUamentosus by Frog s lymph is due primarily to the eosinophile cell, it was necessary 
in some way to paralyse the eosinophile cell while leaving the phagocyte unharmed, 
and then show that under such 1 conditions, namely, in the absence off the eosinophile 
attack, the phagocyte is powerless and-the bacteria grow freely in'the lymph. We 
have been enabled to do this in two ways. * * * 

Action of JSeait.'—Lt has already been shown (Section HI.) that when a Frog is 
tempemture of 25-351 C.ii becomes susceptible to, anthrax.: We there^ 
' " s 5 * Of. note, p. 295. - - . 
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fore tested the effect of heat on the' processes taking place in our drop cultures, and 
found that the eosinophile cel^are completely paralysed by a rise of temperature, and 
became quite incapable of attacking the bacteria. At the same time the phagocytes 
retain their activity and freely ingest Indian ink particles or spoils present in the 
same drop. The thermometer of the warm stage indicated a temperature of 35 to 
37°-5 C. in our experiments. 

Action of Urari. —Turning to poisons, we obtained a similar differential action 
with urari. This drug produces a marked alteration in the eosinophile cells: their 
eosinophile granulation becomes changed into an amphophile granulation. This change 
occurs both in the body and out of the body with a sufficient dose of the drug. In 
the body, after a while, recovery takes place, and eosinophile granules are again 
found. In the same way, owing probably to the elimination of the poison, the nemo- 
muscular mechanism will, at length, recover, and the animal regains the power of 
movement. Out of the body in the hanging drop the cells appear incapable of 
recovery, and the amphophile granulation persists. 

If a drop of lymph, taken from the body of a urarised Frog while the amphophile 
granulation persists, be inoculated with anthrax bacilli, we find that the bacilli are not 
attacked by the eosinophile cells, and after a time they grow. 

Abnormal Lymph and Bacilli. —Lastly, among Frogs which have been long kept in 
confinement in the laboratory and starved, individuals are sometimes found more or 
less oedematous, and whose lymph contains few eosinophile cells incompletely charged 
with granules which are sometimes largely amphophile. B. filamentosus has been 
found to multiply in the body of such animals, and, ultimately, to kill them, and both 
filamentosus and anthrax bacilli will grow freely in drop cultures of lymph taken 
from such an animal. At the same time hyaline cells are present, and have not lost 
their phagocytic power. Take, for instance, the following experiment. 


Experiment V. 

A drop of non-clotting lymph from a Frog ■which had been a long time in the laboratory was inoculated 
with anthrax bacilli and anthrax spores. 

The eo sin ophile c ells did not act at all, and therefore the hyaline cells made no attempt whatever to 
ingest the bacilli. 

At the same time the spores were ingested as usual by the hyaline cells. 

The bacilli grew rapidly. 

Ingested spores were seen to be lying in distinct food vacuoles, and many were undoubtedly digested. 

How essential the removal of the dead bacterial remains by ingestive solution on 
the part of the phagocytes must be in the body, we see when we watch hanging drops 
made from lymph either abnormally deficient in hyaline cells or in which the hyaline 
cells are abnormally sensitive to a change of medium. The relative number of the 
two kinds of cells varies in lymph drawn from different parts of the body. Occasion¬ 
ally in hanging drops made with peritoneal lymph hyaline cells may be almost absent. 

MDOCCXCIV.—B. 2 B, 
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Under these circumstances the eosinophile attack takes place and the bacilli are 
killed, but there are no scavengers to clear away the traces of the fray, and the field 
remains strewn with bacilli, which, if they are not dead, have at any rate completely 
lost the power of growing in the drop. 

The Changes in the Specific Granulation of the Eosinophile Cell. 

The Amphophile Granule (fig. 17 a).— The facts discovered by following the 
phenomena exhi bited in a hanging drop, were supplemented by the examination of 
such drops, or of lymph taken from the body, when fixed and stained with the 
methylene-blue solution, or with eosin and methylene-blue at different intervals after 
inoculation.* The same phenomena, the attack of the eosinophile cell, the formation 
of plasmodial masses, and the final phagocytosis, are again seen, but new light is 
thrown on the glandular nature of the activities of the eosinophile cell. In the attack 
on a bacillus the cell discharges, more or less completely, its granules. The amount 
of discharge depends on the strength of the stimulus. If, for instance, a considerable 
number of cells attack a bacillus, then the discharge will be only partial in many of 
the cells. The process of the discharge of granules was followed with high powers. 
If a cell attacking bacilli be watched under Oc. 4, Ob. rath, the granules will be seen 
to travel either singly or in groups of two, three, dr four, from the central mass of 
granules to those parts of the cell which are immediately in contact with the bacillus. 
There they will be gradually seen to shrink in size until they disappear. This 
phenomenon, namely, the diminution in size and loss of granules, can be demonstrated 
in preparations fixed with the methylene-blue solution, or in films which have been 
rapidly fixed by heat, or by corrosive sublimate. As compared with the rate of loss 
of granules in, for instance, the secreting cells of a salivary gland, the process is very 
rapid. After the discharge the cell often re-forms its granules. Tracing these events 
by means of the basic and acid dyes, we find that the re-formed granules are at first 
amphophile, and only towards the close of the conflict do they become truly eosinophile. 

But the amphophile substance is a stage, not only in the construction of an 
eosinophile granule, but also in its destruction. The action of urari may again be 
cited, for if this drug be added to lymph, the eosinophile granules alter to amphophile 
granules, and the change may be followed in a hanging drop of lymph to which has 
been added a little urari, and a trace of methylene-blue. We have watched the 
granules in a cell become slightly smaller and less refringent, and then colour with the 
dye. Similarly, when urari or bouillon containing a considerable quantity of bacterial 
products is added to the lymph, a change from eosinophile to amphophile granulation 
rapidly occurs. In the latter case, if the poisons be not present in too great quantity, 
the eosinophile condition is re-established. 

* Preparations stained first with, eosin and afterwards with methylene-blue were made according to 
Ehrlich’s film method. 
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When the conflict with the micro-organisms is carried out swiftly to a successful 
issue, the changes appear to be as follows :— 

i. The initial sluggish eosinophile cell. 

ii. The discharge of the granules, either completely, when the cell effects contact 
with a bacillus, or so far as to make them amphophile. 

iii. The reconstruction of amphophile matter by those cells which have completely 
discharged, the amphophile matter being a stage in the elaboration of the eosinophile 
granule. 

iv. The complete regeneration of the eosinophile granules. And this occurs in 
what may be spoken of as the plasmodial stage of the conflict. 

The change of the granulation of the eosinophile cell from eosinophile to ampho¬ 
phile and back again to eosinophile may be illustrated by the following experiment. 

Experiment VI. 

A series of anthrax drop cultures were made with the lymph from the same Frog. These were stained 
at different intervals with the methylene-blue solution. 

(a.) Stained as soon as possible after the addition of the lymph to the drop of bouillon oulture. 
Eosinophile cells amoeboid, granules amphophile or discharged. Many chains already attacked by 
eosinophile cells. Hyaline cells amoeboid. Rose-staining cells present (fig. 17). 

(6.) After fifteen minutes. Eosinophile cells with eosinophile grannies present. 

(o.) After thirty minutes. Eosinophile cells present, with perfectly eosinophile granules (i.e., they 
absolutely refuse to stain). Where a cell is in contact with a bacillus it contains granules which are 
irregular in shape, are being discharged, and which stain. 

(d.) After forty-five minutes. Where the eosinophile cells are in contact their grannies are amphophile 
(blue-staining), where they are floating freely they contain eosinophile granules. 

(e.) After one hour. Some eosinophile cells applied to chains are still quite free from granules. 
Contents of the bacilli no longer stain as a homogeneous blue substance. Disintegration has commenced, 
and the staining is in patches. Free amphophile cells rare. 

(/.) After one-and-a-quarter hour. Rose-staining cells in marked abundance. Giant eosinophile cells 
(plasmodia) present, always with heaps of truly eosinophile granules. 

The series was continued up to 3-J hours, and the most prominent feature was the 
increase in the rose-staining cells. 


Section VL 

Action of the Cells oh Yeast Toruloe. 

There are present then, in the body of the Trog, two kinds of Pandering cells, the 
glandular eosinophile cell and the ingestive hyaline cell, and the most superficial 
study of these cells shows that the former is much more stable and can endure much 
greater changes in its environment than the latter. The eosinophile cells will persist 
as spherical bodies, with granules intact, for days in a drop of lymph, and for long 
after the other elements have disintegrated. They may or may not be dead, but 

2 a 2 
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absence of movement is the only justification for supposing that life is extinct and 
not in abeyance. Similarly in Astacus we find that the eosinophile cell is very much 
more stable than the hyaline cell. Correlated with this fact we find that the change 
of environment due to the presence of bacterial poisons will call forth the most active 
manifestation of the special functions of the eosinophile cell, while the hyaline cell 
may be paralysed or destroyed. It is possible, however, that the poisons of all micro¬ 
organisms do not possess this discriminating value. It may be that if a sufficiently 
large number of micro-organisms were taken, they could be placed in a series com¬ 
mencing with those which acted towards the cells like indifferent particles, being 
ingested by the hyaline cells and unnoticed by the eosinophile cells, and ending with 
those like B. anihracis or filamentosus, which provokes the most profound activity of 
the eosinophile cell while the hyaline cell is incapable of attacking them. Bearing in 
mind the complex conditions of the conflict, we are forced to conclude that the 
organisms against which the Frog is not immune may be found either at one end or 
at the other end of the series, or at both. 

Yeast, in its most virulent form, represents to a certain extent the middle of the 
series. Clusters of yeast cells are attacked by the eosinophile cells, just as are 
anthrax chains, and to these come hyaline cells; in fact, the story is the same as 
that which has already been related. At the same time hyaline cells will ingest 
stray yeast cells which have not been attacked by eosinophile cells. The notes of 
one experiment will illustrate this. 


Experiment VII. 

Bouillon yeast culture of great virulenoe when tested on Rabbits. Inoculated lymph drop with this. 
Frogs completely unharmed by large doses of this yeast. 

1 o’clock .—Watched large mass of yeast. Three eosinophile cells came up and were lost in north end 
of mass. 

Saw hyaline cell ingest stray torula. 

1*12.—The same hyaline cell has now reached north end of maBs and is attacking it. After three 
minutes it is lost in mass. 

1-25.—Another eosinophile cell appeared and became lost in south end of mass. 

1.30.—Another eosinophile cell, followed by hyaline cell, oame in at north end and both fused with 
mass. 

All this time the eosinophile cells have been covering the mass all over. 

1.35. At north end yeast has lost mnch of its distinctness. After some hours plasmodium formed, 
as with anthrax. 

9 o'clock .—One eosinophile cell left plasmodium. 

9,10.—Same cell came back and apparently fused with another. 

9.15—Another eosinophile cell left. 

Discontinued observation, and therefore did not see the general breaking up. Stained the prepara- 
tfoa, and found many rose-reacting cells. 

Theida^aiine abU: is mostly, but not always, capable of digesting the yeast cells. 
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which it ingests. Similarly it can digest some, but not all the anthrax spores which 
it ingests, and we may classify the activities of the hyaline cells under two heads :_ 

(1.) The ingestion of particles which they can digest, such as coagulated proteid, 
dead micro-organisms, and certain living micro-organisms or spores. These the 
hyaline cells eliminate from the body in which they dwell by dissolving them. 

(2.) The ingestion of particles which they cannot digest, such as Indian ink, or 
dust particles. These they do not eliminate from the body, but carry them to the 
connective tissues and there hide them away. Instances of this are found in the 
removal of dust particles by the phagocytes of the lung, and in the fate of Indian ink 
when injected into the body of Dytiscm, as shown by Du rham .* 

Section YII. 

The Rose-reacting Cells . 

It would appear, from the facts so far set forth, that the fate of the microbe in the 
Frog’s lymph depends upon the activity of two kinds of cellular elements. Are we 
to attribute, therefore, no part in the conflict to the non-amoeboid cells which are 
charged with rose-staining granules ? This question is at once answered by the fact 
that one of the conditions apparently necessary to a successful issue to the conflict 
between the eosinophile cells and the micro-organisms, whether the conflict occur in 
the body or out of the body, is an increase in the number, and still more in the size 
and granulation of these cells. In the lymph of newly-captured, healthy Frogs, the 
rose-staining cells are usually very small, and so few in number, that they would be 
completely overlooked were it not for the brilliant rose tint which their granules take 
with methylene-blue. This condition is shown in figs. 4 and 5a 

The injection of micro-organisms is followed by a continuous increase in the 
number of these cells, and they now appear as shown in fig. 5b. The increase is a 
striking fact from the second to the fortieth hour. Beyond that time we have not 
followed them. 

To state the same fact in other words, the rose-staining cells are continuously 
abstracting some substance or substances from the plasma and depositing it within 
themselves as rose-st aining (basophile) granules. For the present we are content to 
suggest that the substances abstracted are foreign, abnormal substances in solution, 
such as, for instance, the poisonous products of bacterial activity. Frequently, in 
watching the processes taking place in a drop-culture, one sees the eosinophile cells 
at first vigorously attac king the bacteria, and then the whole process will come, some¬ 
times almost abruptly, to a standstill, the eosinophile cells contracting and becoming 
spherical, while the hyaline cells disintegrate. This, we explain, by supposing that 
the bacterial poison in small doses stimulates the eosinophile cells, while in larger 

* Durham, “ On Wandering Cells in EcMnoderms,” ‘ Quart. Jorum, Micros. Sol.,’ vol. 33. 
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quantity it paralyses and ultimately kills them. If this he true, it is obvious that in 
the body some mechanism or mechanisms must exist for keeping the amount of 
bacterial poisons either taken in at once, or produced by the as yet unattacked or 
unkilled bacilli, below the limit at which it is fatal to the wandering cells or to the 
body at large. We suggest that this function is, in part, filed by the rose-reacting 
cells. 

The evidence bearing on this question which we have so far obtained may be briefly 
summarised as follows. 

The presence in the plasma of foreign bodies in solution, such as egg albumen or 
anthrax albumose, leads to an increase in size, number, and granulation of the rose- 
staining cells. This is true both of the Frog and of Astacus. Also, as has already 
been stated, if Daphnia is exposed to toxic substances, an increased formation of a 
rose-reacting (amphophile, in this case) substance results. 

The alteration in the chemical composition of the plasma of a hanging drop of 
lymph due to clotting also leads to a similar result. Lastly, we may cite the 
absence, often noted by us, of rose-reacting cells in lymph in which the bacilli have 
grown, and this in spite of the fact that these cells are very resistent to the toxic 
substances. The presence pointed out by Sherrington of similar cells in large 
numbers round the intestinal blood-vessels in cases of enteric disease suggests that 
they are there to intercept the toxic substances streaming in from the lumen of the 
intestines. The increase in the number of these cells in inflammation, in carcinoma, 
&e., and, generally-speaking, in cases normal or pathological, in which there is an 
abnormal production of normal or abnormal products of metabolism was noticed by 
Korybutt, Daskiewicz, and Ehrlich.* 

The importance attached to the removal of the bacterial poisons, and the 
endeavour made by the body to get rid of them, are strikingly shown by Daphnia 
and Astacus. 

In Daphnia the whole blood stream may be watched on the stage of the 
microscope. The presence of bacterial poisons in the body is then seen to increase 
the adhesiveness of the corpuscles; they tend to adhere to the walls of the blood 
spaces, but they are mainly attracted to the excretory organs (the shell glands) 
around which they cluster in large masses. At the same time tbe epithelium of the 
excretory organs becomes more granular, vacuoles appear, and the inner surface of 
the cells becomes irregular, being pushed out into processes. 

In Astacus the injection of very large quantities of Bacillus Jilcmentosus into the 
pericardial sinus is followed by the almost complete disappearance of the filaments 
from the blood in half an hour. Drops of blood taken from the pericardial sinus, and 
from the ventral sinuses, both abdominal and thoraoic, were s ta ined and examined, 
to prolonged searching failed’ to reveal more than isolated rods or pairs of rods, and 
the rarest intervals. 

. V^> toLKJH, “ Beitrage znr Kenntniss d. .graauiirteu, Zellea, tit. 
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Finally, the animal was bled into some iodine solution, and the cells allowed to 
sink to the bottom. After twelve hours the sediment was examined, and only one or 
two cases of eosinophile cells attacking bacilli were found. The bacilli themselves 
were almost absent. The walls of the blood spaces were then examined and the 
missing bacilli discovered embedded in plasmodial masses clustering round the green 
glands, the excretory organs of Astacus. 

It may be said in passing that the eosinophile attack appeared to precisely 
resemble that observed in the Frog’s lymph. 

Section YIII. 

Preliminary Observations on Mammals (.Rabbit and Bat). 

(1.) The peritoneal fluid of these animals is full of cellular elements, these being, 
just as in the Frog, chiefly eosinophile and hyaline cells. On killing the animal (by 
decapitation), and quickly placing a little of the fluid on a small drop of a bouillon 
culture of anthrax on a warm stage, the initial attack by the eosinophile cells at once 
takes place. The latter, in the case of the Eat, is pronounced and rapid; while in the 
Babbit, which is a more susceptible animal, it also takes place, but is less vigorous. 
It was impossible, with the method employed, to observe more than the initial stage, 
on account of the difficulty experienced in keeping the cells alive for longer than 
fifteen minutes. However, the eosinophile cells deported themselves in exactly the 
same manner as they do in the Frog, moving towards the chain of bacilli, and fusing 
along it. 

(2.) The following experiments and observations, made on Rabbits, will throw some 
light on the mode of action of the eosinophile cells :— 

Leber has demonstrated the powerfully solvent action of pus on such substances as 
copper, gold, and silver, &c. It has been shown that the cellular elements of pure and 
fresh pus consist of practically nothing else than cells with fine or coarse eosinophile 
granulation. On repeating some of Leber’s experiments, and placing minute pieces 
of sterilized copper, steel, and silver wire into the anterior chamber of a Babbit s eye, 
under strict aseptic and antiseptic precautions, in all cases a suppuration rapidly 
ensued) most sudden when copper was used. This pus invariably contained nothing 
but granular cells, Already, after 24 to 48 hours, the copper was found to be 
roughened and corroded. We conclude from the observations that the solvent action 
of pus is due to the eosinophile granulation. 

Cellulose, in the shape of sterilized cotton-wool, placed in the anterior chamber 
under similar precautions, was not affected in the slightest, even after an interval 
of six weeks. Cellulose is both an extremely indifferent substance and also most 
resistent. 

(3.) Others have already demonstrated the presence of a ferment in pus. Boss- 
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bach, before us, succeeded in separating an amylolytic ferment from the leucocytes 
(‘Deutsch. Med. WocL/ 1890), while Leber (‘Die Entstehung der Entziindung') 
found that pus digested fibrin and liquefied gelatine. 

Summary. 

Some of the phenomena described and discussed in §§ II. to VII. may be summarized 
as follows: — 

(1.) The three different kinds of wandering cells, the eosinophile cell, the hyaline 
or non-gran ular cell, an d the basophile rose-reacting cell, proliferate while free in the 
body fluids. This may be demonstrated in the Frog, and has, in the case of other 
animals, been recorded by ourselves and other workers. 

(2.) The diff erent kinds of cells multiply independently, so that the numbers of 
any one kind of cell may vary without a corresponding variation in the numbers of 
the other cells. There are thus three kinds of leucocytosis, corresponding to the three 
forms of wandering cells found in lymph or peritoneal fluid. 

(3.) The three kinds of cells are differently affected by different substances when 
introduced into the plasma. 

(a.) Solid substances of the nature of what are commonly called indifferent 
substances affect only the hyaline cells which ingest the particle. Coagulated proteid 
and Indian ink are examples, as are also anthrax spores.* 

(b.) Anthrax and filamentosus bacilli, when first introduced, attract only the 
eosinophile cells, which kill or maim them by means of a substance derived from their 
stored eosinophile granules. After the bacilli have been thus acted on they can 
become the prey of the ingestive hyaline cells. 

(c.) Vermilion and yeast cells stand midway between indifferent substances and 
these bacilli, and attract both hyaline cells and eosinophile cells. Vermilion only 
slightly attracts the eosinophile cells. Yeast cells attract them strongly, but also to 
a certain extent are immediately ingested by the hyaline cells. 

(d.) The rose-reacting cells are increased in number and size by alteration in the 
chemical composition of the plasma, such as is produced by clotting, or by the intro¬ 
duction of toxic albumose or egg albumen. Hence they are probably chiefly active 
in maintaining the normal constitution of the plasma so far as dissolved substances 
are concerned* 

(4.) The eosinophile cells are highly specialized bodies endowed with the power of 
movement, in virtue of the possession of a pseudopodial ectosarc, and with glandular 
powers, directed to the production of a bactericidal, or at least antibiotic, substance. 


df. note, p. 296. 
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Section IX. 

The facts brought forward in the preceding sections lead to certain conclusions as 
to the morphological position and physiological attributes to be accorded to the 
sporadic mesoblast. 

Morphology. 

In the Frog, the sporadic mesoblast consists of three kinds of cells, the eosinophile 
cell, the hyaline cell, and the rose-reacting cell, together with the red corpuscles and 
platelets. Of the two latter, we, personally, can say nothing from our own know¬ 
ledge ; nor have we any reason beyond the general facts of their distribution in the 
body, for placing them in the same morphological group with the three first-named 
elements.* Leaving then the red corpuscles and platelets out of account, we find 
that the sporadic mesoblast of the Frog contains elements precisely similar to those 
which compose the similar tissue of such a widely divergent animal as Astacus. The 
large phagocyte, derived from the hyaline cell and of temporary existence only, is not 
only found in both animals, but produced by essentially similar conditions in both. 
This exact resemblance between animal forms so diverse is helpful to us, since it gives 
us good reason for supposing that the three cell elements of the Frog have arisen by 
the differentiation of a primitive homogeneous sporadic mesoblast, that is, one the 
cell elements of which are all alike. 

This question of the comparative morphology of the sporadic mesoblast may, like 
other morphological questions, be approached in two ways. We may investigate the 
phylogenetical position of the tissue or its ontogenetical position. In both directions 
our knowledge is very incomplete. No conclusions as to lines of development of the 
tissue within the limits of the Chordata can be based on our present knowledge, for 
in the lowest member of the Chordata which we have examined, the Ammoccste larva, 
all three types of cells are already present. At the same time, so far as we know, 
there is no exact description of the histology of the wandering cells of the Tunicata 
or Cephalocorda. In the Crustacea, the conception of the origin of the different 
wandering cell types from an archetype finds strong phylogenetic support. The 
group of the Crustacea is remarkable for including within its limits animals of the 
very simplest and animals of the most complex organization. The very simple animal 
Da/phnia has a sporadic mesoblast composed of only one kind of cell, Astacus, on the 
other hand, representing the most complex members of the group, has three kinds. 
But the evidence does not rest here. The wandering cells of Daphnia are not only 
of one kind, but also this one cell performs all the functions, and has all the morpho- 

* ZiEGim, “ Die Entstehung des Blutes,” e Ber. d. Naturforscb. Gesellscli. zu Freiburg,’ vol. 4, H. 5, 
as the result of his investigations on the development of the blood, arrives at the conclusion that the red 
corpnscles are morphologically distinct from the white corpuscles. The former are of intravascular 
origin, the latter are extravasculax at first, but migrate into the blood system. 

MDCCCXCXV.—B. 2 S 
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logical characters of the three cells of Astacus. This fact has already been discussed 
by one of us in earlier papers,* but we are able to add a further archaic character of 
the cell to those given there. In the earlier papers, the specific granulation was 
justly described as rose-reacting, further investigation has revealed the fact that the 
rose-reacting substance of Dctphnia is also amphophile. In other words, even in its 
specific granulation the wandering cell of Daphnia is archaic, it is a rose-reacting, 
amphophile granulation. We may even pursue the search for the cell element of the 
undifferentiated sporadic mesoblast a stage further back to the wandering cell of the 
larval Daphnia , while still within the broad pouch of the mother. Then we find an 
amoeboid cell with no granules, but the whole cell substance reacts with aniline dyes, 
giving “a faint but distinct rose-reaction with methylene-blue.” 

Since Tadpoles are not available in summer or autumn, we have not as yet been 
able to pursue the ontogenetical study of the corpuscles of the Frog. Foetal Cats, 
however, are to be found in all seasons, and in these animals we have so far found 
only one hind of wandering cell which is without specific granulation, and has a 
spherical nucleus and scanty cell substance. In the very late foetus the wandering 
cells still show no granulation but there are now two kinds of cells present, one with 
a round nucleus and one with a lobed nucleus. In the adult all these three types are 
undoubtedly present. Thus we find a certain phylogenetic and ontogenetic support 
for the statement that the very divergent elements of the sporadic mesoblast have a 
morphological homogeneity in the fact that they have arisen from a primitive amoeboid 
wandering cell with no specific granulation, by a process of morphological and 
physiological differentiation akin to that which has, pari passu, led to the increasing 
complexity of the animal generally. 

Physiological. 

The question of the functional significance to be attributed to the sporadic mesoblast 
also finds a partial solution in the very incomplete series of facts we possess bearing 
on the physiology of this structure. Undoubtedly the wandering cells are present 
largely as a protective mechanism to guard against the intrusion of foreign substances, 
living or non-living, into the organism. But this is probably only a small part, and 
not the most primitive of their functions. They are also related to the general 
processes of the body, notably to the bodily nutrition. In Daphnia they may be 
readily watched engaged in the transportation of fatly particles from the alimentary 
canal to its place of storage.! Also any abnormal condition of the perivisceral fluid, or 
blood, leads to the massing of these cells around the special excretory organs of this 
animal, and this fact suggests that their activities are partly directed to maintaining 
the normal constitution of the body fluids so far as the dissolved matters are 
ooicebied. - 



* * Jonrn. of Physiology,’ yol. 13, p. 184, seq., and p. 318. 
t ‘ Joum. of Physiology,’ yoL 13, p. 184, seq. 
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Thus, though exact knowledge is wanting, yet it is abundantly clear that the 
homogeneous sporadic mesoblast of Daphnia is intimately related to the processes of 
general physiological importance taking place in the alimentary canal and the 
excretory organs; and there is no sufficient reason to lead us to believe that this 
connection has been entirely, or to any great extent, lost in the course of the 
divergence and specialization of these cells, which has produced the different wandering 
cell-types of the higher animals. On the contrary, it is a matter of common 
physiological knowledge that the wandering cells are profoundly affected by events 
occurring in the alimentary canal. Thus, though we are not able to point to any 
particular physiological process carried out by these cells, still we have sufficient 
grounds for opposing bhe supposition that they exist only to protect the body from 
the invasion of foreign particles, and that appears to us to be a valuable step and a 
most necessary preliminary to a successful study of their functions. 

In endeavouring to indicate the lines along which the specialization of the sporadic 
mesoblast has advanced, probably in most animal groups, we may proceed with 
perhaps greater sureness. The primitive mobile, ingestive, and glandular cell of 
Daphnia has become in Astacus the specially glandular eosinophile cell, the specially 
mobile and ingestive hyaline cell, and the specially absorptive rose-reacting cell, and 
what we know of the sporadic mesoblast of the Vertebrates points to its having 
developed along similar lines. 

But both older and later observations* on the part played by wandering cells in the 
formation of scar tissue, indicate that an even more extended conception of the 
relations of the sporadic mesoblast may at some future time become necessary, and the 
convenient fiction, wherein the blood was regarded as a tissue, like cartilage or 
connective tissue, only with a fluid matrix, may yet be found to embody a morpho¬ 
logical truth. 

The Relation of the Attack of the Eosinophile Cell to the Ingestive Act of the Hyaline 
Cell .—A study of the way in which some of the carnivorous Protozoa capture and 
ingest their prey, throws a clear light on the relations of the peculiar mode in which 
the eosinophile cell attacks a bacillus to the simple ingestive act of a hyaline cell, 
or Amoeba. [Further, if all these facts are placed together, they suggest many thoughts 
on the relation of intra-cellular to extra-cellular digestion, 

By comparing the various accounts given by Leidy, M. Gbeenwood, and other 
observers, of the manner in which an animal like Amoeba or Actinosphceriuwi captures 
and ingests its prey, we find that the following processes maybe recognized:-—(1) Con¬ 
tact is effected with the prey and its movements are arrested; (2) then, after it has 
thus been maimed or killed, the prey is ingested and digested. But the captured 
infusorian may resist the benumbing influence of the captor, and may, after being 
exposed for a long time to the extra-cellular attack, as it were, acquire tolerance of it, 

* Compare Sherrington and Ballanoe “ On Formation of Scar-tissue.” * Jonxn. of Physiology,’ vol. 
10, p. 550. 
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recover all its powers and escape. The best instances of the killing of prey as a result 
of mere contact, are furnished by the Suctoria. When a moving animalcule comes 
into contact with the long stiff, very specialized pseudopodia of these animals, 
its movements are suddenly arrested. The phenomenon is so striking that Gruber, 
Matjpas, and others, speak of it as a poisoning of the prey by some substance 
excreted by the captor. 

Expressing these facts in terms of the processes occurring in the cell, we have 

(1.) The contact of the prey stimulating the captor to excrete a poison ; 

(2.) The ingestion of the now inert body ; 

(3.) The secretion of a digestive fluid which dissolves the ingested prey. 

Leidy’s account of the capture of a Urocentrum by an Amoeba, clearly shows how 
essentially similar the excretion of the poison is to the secretion of the digestive 
fluid. His words are, “ a second victim of the same kind was included in the fork of 
a pair of pseudopods, the ends of which were brought into contact so as to imprison 
the animal in a circle. The latter moved restlessly about within its prison but, after 
a time, became motionless, and shortly after the ends of the pseudopods, which 
enclosed it fused together . . . and finally 'the Urocentrum was enclosed.”* If we 
now turn to M. GREEWOOD’st carefully detailed account of the phenomena of inges¬ 
tion in Amoeba, and notice the close morphological relation between the space 
ft included in the fork of a pair of pseudopods ” and the digestive vacuole, the 
primitive unity of the two processes cannot fail to be seen. In the very specialized 
Suctoria, the excretion of the poison and the killing of the prey is a specialized and 
much more perfect process, as is also the very remarkable manner of its ingestion. 

Turning now to the eosinophils and hyaline cells, we see that in the former the 
extra-cellular act has become its special character, and, as in the Suctoria, the per¬ 
fection of the mechanism for the production of the poison has shortened the latent 
period of its discharge. The cell is, in short, a unicellular gland, but it preserves intact 
the initial step of the primitive process, it effects contact with its prey; the hyaline cell 
also effects contact with its prey, but the extra-cellular discharge is insignificant or 
absent, the ingestive and intra-cellular act being, on the other hand, complete and rapid. 

We have strictly parallel phenomena in the endodermal cells, and this enables us 
to advance the line of thought a step further. MetsohniaoffJ has given us good 
reasons for supposing that the primitive endoderm, or nutritive cell, of the Metazoa, 
carried out its functions in a manner exactly resembling the Amoeba described by 
IiK ioT. But in the Coelenterates we find an endoderm composed of (1) a gland-cell 
which forms extra-cellularly a digestive fluid, (2) an ingestive cell which produces 
mra-ceUvIarly a digestive fluid, and (3) an absorbent cell' which is correlated with 
%e gland cell and takes up the fluid products of the extra-cellular digestive process* 

' . “Rhizopods of North America.” See the figs. £ and ss on Plate 1. 

t Jfe^raal of Physiology, vols. 7 and 8. tc On the Digestive Process in some Rhizopods.” 
l ZooI. Anz.,’ 1878, p. 387. 
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Yiewed in this way the eosinophile cell is analogous, in its activities, to the gland 
cell of the Coelenterate endoderm, and, for instance, to the cells lining the fundus of a 
gastric gland of the Mammalia.* 

Other instances of an extra-cellular digestive act are found in :— 

(1.) The attack of Vampyrella spirogyrce and V. pendula on the Algae which 
furnish them with food. This furnishes a most interesting parallel. 

(2.) The digestion of fibrin by the surface cells of the mesenterial filaments as 
described by KRURENBERG.t 

(3.) The hollowing-out of spaces in the first bone spicules by the osteoclasts. 

Lastly, we are not without some feeling of the bearing of our observations on the 
most difficult question of immunity. But further knowledge has only increased our 
perception of the complexity of the problem. We see that it depends upon all the 
possible permutations and combinations of the activities of the three wandering cell 
elements engaged in thfe conflict, and of that yet entirely unknown factor, the general 
physiological reaction of the organism to the microbic poisons. In the face of these 
difficulties we have deemed it wise to stifle the temptation to theorise on the subject, 
until, with wider knowledge, a greater capacity to cope with the difficulties shall 
have been attained. 


Description oe Figures. 

PLATE 29. 

Fig. 1. A group of two hyaline cells and one eosinophile cell fixed with *25 per cent. 

iodine as rapidly as possible after removal from a Subcutaneous lymph sac 
of a Frog. The hyaline cells are larger than usual. The vertical line 
represents the relative length of the major axis of a red corpuscle. 
Oc. 10, Ob. apochr. Jth Powell and Lealanb. Camera lucida. 

Fig. 2. Eosinophile cell fixed by heat and stained with eosin and methylene-blue. 

From lymph of healthy Frog. Same magnification as fig. 1. Camera 
lucida. 

Fig. 3. Eosinophile cell and a small hyaline cell. Normal Frog. Fixed and stained 
with methylene-blue solution. Oc. 4, Ob. E Zeiss. Camera lucida. 

Fig. 4. Bose-reacting cell and hyaline cell of normal Frog, Fixed and stained with 
methylene-blue solution. Yiewed with artificial light. Oc, 4, Ob.E Zeiss. 
Camera lucida. 

Fig. 5. Bose-reacting cells (a) of normal Frog, (b) 12 hours after injection of yeast, 
from the seat of the inoculation. Stained only with methylene-blue. 

* Compare M. Greenwood, “ Digestion in Hydra,” 1 J ourn. of Physiology,’ vol. 9. 
f ELrukenbero, ct Ueber d, Verdaunngsmodus d. Actinien,” ‘ Vorgleiehend-Pliysiol. StudieD, Heidel¬ 
berg, 1881. 
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Illuminated with yellow light. Same Oculars and Objectives as in fig. 1. 
Vertical line = length of major axis of red corpuscle. 

Fig. 6. Cells from blood of late foetus of Cat. Fixed with heat and stained with 
eosin and methylene-blue, (a) and ( b) different forms of white corpuscle, 
of which (b) is much more abundant, (c) nucleated red corpuscle—very 
few present. The vertical line represents the diameter of the non- 
nucleated red corpuscle. Oc. 10, Ob. apochr. -|-th Powell and Lealand. 
Camera lucida. 

Fig. 7. Hyaline cell budding. From hanging drop inoculated with anthrax. 

Fig. 8. Young hyaline cell showing active movements, but unable to effect contact 
with anthrax chain. From same field of microscope as fig. 7. 

Fig. 9. Hyaline cell dividing. Leucocytosis produced by injection of urari. Acidu¬ 
lated solution of methyl-green. Oc. 4, Ob. E Zeiss. Camera lucida. 

Fig. 10. Eosinophile cell in neighbourhood of anthrax chain. 

Fig. 10b. The same cell shortly after it has effected contact wifh the chain. 

Figs. 11, 11a, 11b, llo, 11d, He. Successive stages in the attack of the cells on a 
chain of anthrax bacilli in a hanging drop of lymph. llE drawn with 
camera lucida. Oc. 4, Ob. D Zeiss. Illustrating Experiment I. See 
p. 300. 

Fig. 12. A hyaline cell in the same field as fig. 11e. Not drawn to the same scale. 
The two sketches illustrate successive phases of this cells movements. 

Fig. 13. An eosinophile cell just about to attack the end of a chain of B. filamentosus. 

Fig. 14. Eosinophile cell which has just attacked an anthrax chain. Fixed and 
stained with the methyl-blue solution. 

Fig. 15. An eosinophile cell with granules completely discharged, attacking anthrax 
chains. Fixed and stained with the methylene-blue solution. 

Figs. 16, 16a, 16b, 16c, 16d. Successive stages of conflict with a chain of anthrax, 
which in fig. 16 is already hidden in the cell mass. Illustrating Experi¬ 
ment II. See p. 302. 

Fig. 17. The amphophile condition of the eosinophile cells, also an eosinophile cell 
which has completely lost its granules, and a hyaline cell. See Experi¬ 
ment VI., p. 307; 

Fig. 18. A hyaline cell and an eosinophile cell. In the same field of the microscope. 
See Experiment HL, p. 303. 
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Introduction. 

§ 1. Formed elements in the slime of the Eel. 

§ 2. The structure of the epidermis. 

(a) Teased preparations of normal epidermis. 

(i.") Club cells. 

(ii.) Ordinary epidermic cells . .. 

(in.) Groblot cells. 

(iv.) Connective tissue cells. 

(v.) Fibroblasts. 

(/?) Sections of normal epidermis. 

(a) The palisade cells. 

1. Origin of club cells from palisade cells. 

2. Origin of goblet cells from palisade cells .... 
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(c) The goblet cells. 

(d) The fibroblasts... 

(e) The formed connective tissue oells.. 

Addendum to § 2.* 

§ 3, The origin of the formed elements of the slime.. 

§ 4. The histologioal appearanoes of artificially stimulated sMns. 

(a.) Teased preparations.. 

(&) Sections. 

(i.) Chloroform vapour method of stimulation. 

(a) Changes in the club cells.. 
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Introduction. 

We owe to Leydig (1) the first demonstration that a secretory process is a possibility 
for the skin of the Fish. In some twelve genera he described the occurrence of 
spe cializ ed cells in the epidermis, to which he gave the common name of “ Schleim- 
zellen,” though subsequent research has shown that several varieties of structure were 
included in this generic term. 

Kolliker (2) in 1860, in an investigation of the skins of Myxine and Petromyzon, 
differentiated two cell-forms. Observing the “ thread bodies” of the mucous sacs of 
Myxine, first clearly described by 'Johannes Muller (3), he recognized their cellular 
nature, and found that the epidermis held similar, though less complex cells, from 
whose contents also, by appropriate treatment, a thread could be obtained. To these 
epidermic cells of Myxine the name “ Fadenzellen” was applied. In addition, clear or 
finely granular cells, termed “ Schleimzellen,” were described. 

The cells in the epidermis of Petromyzon , considered as the analogues of the 
“ Schleimzellen” of Myxine , were described as “ keulenformige,” with a vesicular 
space at the swollen end holding a pair of nuclei, and with elongated neck, ** mit 
zarten, haufig leicht wellenformig gebogenen Langstreifen versehen.” A second 
special form was taken as corresponding with the “ Fadenzell.” Globular in shape, 
but supplied with a long thread-like process, it appeared to be filled with granules, 
which, however, were considered by Kolliker to be the optical expression of a 
closely-wound thread included in the cell. The name ** Kornerzellen” was given to 
these structures. A secretory function was considered probable for the “ Schleim¬ 
zellen” of both Myxine and Petromyzon , but there are no direct observations upon the 
specific point. 

A year later, Max Schultze (4) reinvestigated the structure of the skin of the 
same two Fish. 

In the case of Petromyzon he renamed Kolliker’s “ Schleimzellen,” “ Kolbenfor- 
mige Gebilde ” or tf Kolben,” emphasized the occurrence of longitudinal striation in 
these structures, but also added a transverse striation of the neck, insisted upon as 
not superficial, but produced by alternating discs of isotropous and amsotropous 
material-—an appearance, however, absent in the fresh specimen. These “ Kolben” 
described as always in contact with the corium by their lower ends, and at this 
pqm¥?ii connection with a nerve filament was considered as possible. Indeed, Max 
Saafr&ZR looked upon these structures as of the nature of nervous end-organs, possibly 
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contractile, on account of the points of similarity to striated muscle fibre presented by 
the neck viewed by polarized light, 

Similar structures were also briefly described for the epidermis of the Eel and 
Tench. 

Max Schultze further showed that these “Kolben” are the analogues of the 
“ Fadenzellen” of Myxine , and not of the “ Schleimzellen,” as Kollirer supposed, 
the “ Kornerzellen” being identical with the latter. 

Heinrich Muller (5), in 1864, was the first to observe in Petromyzon planeri 
that the “ club cells” (Kolben) do not necessarily retain their eonnection with the 
corium, as Max Sohultze stated. From observations of the variations in number, 
shape, and position in the epidermis, he supposed that these cells are liable to extru¬ 
sion. Thus (p. 44): “ Es findet diess in der Art statt, dass es sehr nahe liegt, eine 
Abstossung der Gebilde mit oder ohne Wiedersatz anzunehmen” ( italics in original). 
He did not, however, actually observe this extrusion. He expresses himself as 
opposed to the assumption of a nervous connection, and considers these structures as 
modified epithelial cells of uncertain function. 

The work of Kolliker, Max Schultze, and H. Muller had been chiefly upon the 
three species of Petromyzon , and, in the case of the two former observers, upon Myxine 
also. 

F. E. Schulze (6), in 1867, extended our knowledge of the epidermis of Fish by 
an investigation of fifteen genera, including Petromyzon. Three forms of specialized 
cells—one of which, however, was found peculiar to Petromyzon —were described. 

(1.) “ Becherzellen,” found in all the genera taken, characterised by possession of a 
distinct “ theca,” filled in the fresh state with granules imbedded in a more fluid mass, 
and whose secretory activity was actually observed and figured in the case of the 
barbel of Cobitis fossilis (Plate 7, fig. 3), and seen also in the skin of the caudal fin 
and head of small Eels. An account is, moreover, given of an Eel dropped upon a 
sandy floor, relieving itself of the casing of adherent grit, in the form of a tube with 
slimy interior, after replacement in water. 

(2.) “ Kolben,” seen only in Tinea, Leuciscus , Cobitis , Anguilla , Esox } Silums , and 
Petromyzon. 

(Leydig (l) had previously investigated the first five of these genera, and, since 
he gave no special description of cc club cells,” must have included both <{ Kolben” and 
“ Becherzellen ” under the one term “ Schleimzellen *) 

In dealing with the important point as to whether the “ club cells " are permanently 
fixed to the cutis or capable of passage to the surface, F. E. Schulze describes them 
as breaking away from the cutis in all cases except in the Lamprey and Eel. (He 
figures, however, a case in the Eel in Plate 7, fig. 7, hut considers it pathological.) 
In the Tench the “ club cells ” near the surface become irregularly rounded or flattened, 
and the possibility of their extrusion is mentioned. Thus, p. 160 : * f Bolche veranderte 
Kolben habe ich vielfach dieht unter der aussersten Zellenlage gefunden, so dass wohl 
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kein Zweifel dariiber bestehen kann, dass sie beim Ausfallen ©iner daruberliegenden. 
Zell© selbst auf die Oberflache des Fisehes gelangen.” 

F. E. Schulze considered the “ club cells 1 ’ as secretory in nature, and as possibly 
forming a sebaceous matter (Talgdriisen). He could not substantiate Max Schultze's 
statement regarding the presence of transverse striation in the neck. 

(3.) The “ Komerzellen” of the Lamprey were more closely described by F. E. 
Schulze, their processes being considered as due to tubular prolongations of a cell 
membrane, yet as passing within the body of the cell to become united by a junction 
piece resembling the head of a pair of compasses. They were considered to be sense 
cells, but no nerve connection was demonstrated. 

Langerhahs (7), in his monograph on Petromyzon plcmeri, failed to observe the 
“club cells” clear of the corium. The most interesting point, however, in his 
description of the skin of this Fish, is the recognition of a form of cell not hitherto 
described. Under the name “Heine Rundzellen,” pp. 16 and 17, he notes cells 
resembling lymphocytes as occurring between tbe other elements of the epidermis. 
These are figured in Plate 1, fig. 11, as of from 4 n to 5 y, in diameter, and possessed of 
scanty protoplasm. He considers that these cells represent chromatophores which 
have not developed pigment. 

To A. Fcettinger (8) (1876) is due a valuable paper upon the epidermis of 
Petromyzon. The most important point in connection with this paper is the complete 
corroboration of Heinrich Muller’s statement as regards solution of continuity 
between the “ club cells ” and the corium, and, further, the actual demonstration that 
these bodies escape from the epidermis, and may be found lying upon its surface 
(Plate 2, figs. 8, 9, 10, 11, 12 ; Plate 3, fig. 37). Thus, p. 629 : “la massue entibre 
ou tout au moins la partie qui se colore en jaune par le picrocarminate d’ammoniaque 
est eliminde.” The process of extrusion was carefully followed. 

A vacuolation between the surface of the club and an enveloping membrane is said 
to occur, loosening it by the formation of a network of granular material (Plate 2, 
fig. 1). An accumulation of fluid in the spaces of this network, especially at its lower 
part, is considered to force the “ club cell ” upwards, leaving its membrane in situ. 
In the passage out the nuclei disappear, and are always absent from the extruded cell. 

He agrees with F. E. Schulze as regards the structure of the goblet cells, but 
does not agree with this observer as regards the nervous nature of the “ Eornerzellen.” 

The characters of the goblet cells common to the epidermis of all Fish have been 
especially described by List (9), who, while describing the “footed ” and “ footless ” 
forms of F. E< Schulze, further subdivides the latter into “ stalked ” and “ un¬ 
stalked” varieties, the stalk being merely a prolongation of the theca of the cell* 

Jagsr differentiates tbe contents of the theca into a “ filar mass ” arranged as a net 
and stabling easily, and a homogeneous “interfilar mass” in the meshes of the 
* Ho considers that the contents of the theca are extruded, when the goblet 
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reaches the surface by a turgor of the interfilar material as the result of imbibition, of 
water. 

Leydig (10) in a later paper has given a few more details of interest in connection 
with this communication. 

In the lower layers of the epidermis of two Batraehian larvse (JPelobates fuscus and 
Hyla arboi'ea), he describes and figures cells holding much convoluted threads, which 
occasionally pass beyond the border of the cell. He compares these to the “ Faden- 
zellen ” of Myxine , and terais them “ Byssuszellen.” Eberth (11) had previously 
described very similar cells in the epidermis of the larva of Bombinator igneus (see 
especially Plate 25, figs. 19 and 24, of his paper). 

Leydig admits the membrane described by Fcettinger for the “club cells,” and 
ascribes Max Sohultze’s transverse striation to folds of this structure (Plate 7, fig. 7). 
He notes, too, in the “ club cells ” of JPetromyzon marinus an appearance of tangled 
threads. He considers both the “ club cells ” and “ Kornerzellen ” of Petromyzon as 
secretory in nature. 

Erjtsgh (12), in his account of the epidermis of Malapterurus, describes four 
varieties of cells : (a) “ Kolbenzellen,” (6) “ Becherzellen,” (c) “ gewohnliche Epider- 
miszellen,” and (d) “ Kornzellen.” 

He considers the “ club cells ” to be secretory in function, and in his figure 
(Plate 8, fig. 25) indicates a point where these cells have escaped from the epidermis, 
and also “ club cells,” the contents of whose “ vacuoles” have been discharged. 

The goblet cells arise, he thinks, from the ordinary epidermic cells of the middle 
layers. The ordinary epidermic cells are characterised by the possession of a 
“vesicular” nucleus which is poor in chromatin, and in strong contrast to that of 
the fourth variety, viz., the “ Kornzellen.” These " Kornzellen,” which are evidently 
the “kleine Rundzellen” of Langerhans (7), are very similar to ordinary lympho¬ 
cytes. List (13) has figured similar cells in the epidermis of Cobitis fossHis } and 
considers that they are of the nature of the wandering cells described by Stohr (14) 
in the surface epithelium of the tonsil. 

Fritsoh makes no very definite statement of opinion as regards the origin and fate 
of these cells. In his description of Plate 8, fig. 25, he marks them Leitcocyten f yet 
in the text he expresses himself as opposed to List’s hypothesis that they are 
wandering cells in the or din ary sense of the term, since he failed, in contradistinction 
to the latter observer, to find these cells between the fibres of the cerium. 

Fritsoh did not see any evidences of division of these cells, though List figures 
forms which he takes to represent such a process. 

On the whole, he inclines to the rather curious view that they supply the most 
superficial epidermic scales. 

Still more recently Pogojeef (15), who appears to have been ignorant of the work 
of Fcehhnger, has written on the structure of the epidermis of Petromyzon. By the 
use of gold chloride he sees a violet staining fibril within each “ dub cell * connected 

2 T 2 
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with two cells, the whole being surrounded by endothelial sheaths after the manner 
of a Pacinian corpuscle. He thus agrees with the old idea of Max Schultze, that 
the “club c ells ” represent the end apparatus of cutaneous nerves, and considers that his 
failure to observe solution of continuity between the lower ends of the tc club cells ” 
and the corium supports this view. He strangely enough maintains that the state¬ 
ment that the " club cells” leave the corium has arisen from observation of oblique 
sections 1 He agrees with Kollixer in considering the “ Kornerzellen ” of the 
epidermis of this Fish to he of the nature of unicellular glands. 

It will be evident from the above brief account of the work of previous observers 
that an anatomical basis for a secretory process of considerable complexity and 
peculiar nature exists in the epidermis of many Fish. The skin, apart from its 
protective and sensory functions, which are not here under consideration, may also 
fairly be considered as a glandular surface of special construction, and the absence of 
localised collections of secretory cells provided with ducts such as we find in higher 
Vertebrates is no basis for the statement occasionally met with that “ the skins of 
Fishes are non-glandular.” Unicellular secreting structures whose function it is to 
supply the slime bedewing the surface of the animal are abundant in the epidermis, 
and in the special case of the Myxinoid Fishes these unicellular structures actually 
become collected to form glands in the commonly accepted sense of the term. 

In none of the above researches is any mention made of the payment of special 
attention to the condition of secretory activity of the skin at the moment that the 
specimen was fixed for histological purpose. To this is to be attributed to a large 
extent the divergence of opinion concerning the functions of the ‘‘club cells” in 
particular. Nor, except in the well-known case of Myxine (32), has the fresh slime of 
the Fish been subjected to the microscope. 

Chance stimulation, due to handling in capture, varying in amount in different 
cases, must have accelerated the normal secretory process more in some cases than in 
others, and produced a change in the histological picture and the physiological 
deduction therefrom. In no case, as far as I am aware, has direct experimental 
excitation been employed. 

I propose in the following pages to give an account of the secretory process in the 
skin of the common Eel, deduced, in the first place, from the histological appearances at 
various levels of the epidermis and the formed elements of the slime, and, in the second 
place, from those changes that can he artificially produced by experimental irritation. 

Special care has been bestowed upon the Fish in order that the condition of the 
skin at the time of preservation might be known. 

The animals were always caught without a hook, and were kept some days after 
c&iurre in running water and supplied with food. 

T& obtain a skin in the lowest phase of secretory action hybemating sluggish Fish 
WB^%a^oyed, and death was effected by transfixion of the medulla. If this is 
ekilfifily performed the anim al instantly becomes motionless* and pieces of skin may 
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be removed without reflex movement (and concomitant reflex secretory action) during 
the period of persistence of the condition of “ shock.” 

A Fish that struggles, from failure to strike the right place at once, becomes a 
“ sliming ” Fish, and is useless for a picture of the slow process of normal secretion, 
though useful for that of some of the higher phases of the act. 

The methods of artificial stimulation will be found under their appropriate 
headings, and the histological procedure in the Appendix. 

§ 1. Formed Elements of the Slime of the Eel. 

Seeing that the secretory structures of the skins of Fish are not provided with ducts, 
there is no method of escape for the secreted material, except by actual casting off of 
the superficial epidermic scales. The slime, therefore, always contains numbers of 
epidermic scales, unavoidably thrown off in the process of its formation. 

For purpose of collection of the secreted matters, three methods have been 
employed—(l) Placing the animal in a bath of pilocarpine solution; (2) Subjecting 
the ani mal to faradization; (3) exposing the Eel to the vapour of chloroform. By 
the first and second methods it is possible to collect little “ flocks ” of secreted matter 
as they rise from the surface of the Fish ; in the third method, the secretory activity 
is very energetic, and the passage of a blunt scalpel gently over the surface of the 
Fish removes abundant material. 

Apart from the epidermic scales above mentioned, the following formed elements 
are present in the secretion collected by any of the above methods: (a) Threads; 
(b) Nuclei; (c) Granules; (d) Goblet cells. 

(a.) Threads of the Slime—Them structures occur singly in much convoluted 
masses (Plate 31, fig. 14), or more extended, but generally in the form of masses of 
more finely fibrillated material (Plate 30, fig. 1). The extraordinarily tenacious 
character of the slime is undoubtedly associated with the presence of these threads. 

The most pronounced case of a thread secretion in Vertebrates is, of course, the 
well-known instance of the Myxinoid Fishes, where the threads are known to arise 
by a metamorphosis of the specialized M Kolben,” contained in the ventral slime glands 
(Kolueeb, (2), Max Schultze (4), also Blomfield (16)). 

Thread-like structures within epidermic cells are also described, by Eberth (11), 
in the lower layer of the epidermis of the larva of JBombinator igneus , and, by Leydig 
(10), in the epidermis of the larva of Pelobates fuscus and Eyla arborea, though 
neither observer noted their escape in a secretion. . An able account of many 
ectodermic thread secretions in Invertebrates and their possible relation to those 
found in Vertebrates has been given by Eisig (17), from which it is evident that such 
threads may be used for the construction of protective tubes ( Cereanthus , certain 
Annelids, Insect larvae), for catching prey (Eolothuria nigra. Spiders), or for attach¬ 
ment to a fixed object (Byssus of Lamellibranchiate Molluscs). The thread of the 
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Sea Stickleback ( Gasterosteus spinachia), used for nest building, has been shown, by 
MoBrus (18), to be a secretion of the renal epithelium. 

The use of the threads in the secretion of the Eel appears to be to ensure that the 
slime shall adhere to any object with which it is brought in contact. 

The threads have the following characters. The breadth of the -coarsest may be 
from 2 ii to 3 /*, but all conditions of finer fibrillation are found, the finest fibrils being 
beyond accurate measurement. 

Usually present in wavy masses of the finest fibrils entangling other elements, one 
often, especially when the pilocarpine method is used, comes across convoluted masses 
of the coarser variety. The extremities are often wound in a corkscrew fashion 
(Plate 30, fig. 1, on the right). 

They are unchanged by induction shocks applied to fresh material. Do not swell 
in water. Readily give the xantho-proteic reaction. Resist digestion with pepsin 
and hydrochloric acid, and with trypsin and sodic carbonate. One per cent, sodic 
hydrate leaves them unaffected. Osmic acid darkens them slightly. Treated with 
picro-carmine, they stain brilliant yellow (Plate 30, fig. 1). 

They are thus composed of some albuminoid material of very resistant nature, 
possibly allied to keratin. 

(k) Nuclei of the Slime. —Free nuclei are frequent in the fresh slime ; they vary in 
diameter from 2 p. to 4'5 jx, and are generally spherical, but occasionally ovoid (Plate 30, 
%■ !)• 

No distinct chromatin network or filament was seen, though these nuclei take most 
dyes easily. In no case could a cell body be distinguished, though, at times, a group 
was met with surrounded by a flocculent material. 

(c.) Granules of the Slime.— Small spherical granules (75 (x to *5 jx) abound in the 
fresh slime, and can be preserved upon cover-glass preparations. They present the 
following characters. 

They give the xantho-proteic reaction. Are soluble in five per cent, acetic acid. 
Swell in one per cent, nodie hydrate, but do not dissolve. Do not dissolve easily in 
water (still clearly outlined in slime kept a day in water). Axe not soluble in five 
per cent, sodic chloride solution containing five per cent, of acetic acid. Desist peptic 
and tryptic digestion. Are present on cover-glass preparations, after treatment with 
boiling alcohol and ether. In cover-glass preparations treated with corrosive sublimate 
they do not give the reddish-violet colour with thionin, considered, by Hoyer (19), 
to be characteristic of mucin. They take the methyl green -of the Biondi stain, 
prepared according to HeidensAen’s <&)) recipe. They also stain easily with soluble 
blue and carmine.* 

* 1894. Since writing’ the abbve I have found that these granules stain deep brown when 

on a cover-glass with nitro-molybdio solution, fallowed by pyrogallol, according to the method 
ol/'littBttijrau® and-M onti (33) for moro-ebeaaieal detection pf phosphorus. They are possibly, there¬ 
fore, tiianfitaore «tfnudea-«dbun^. 
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(<£) Goblet cells .—Extruded goblet cells occur in the slime, though rather rarely. 
Their characteristics will be entered into below in connection with the elements of 
the epidermis itself. 

The epidermic scales found in the slime are flattened scales, devoid of “prickles”; 
the cell body, punctated with fine dark granules, measures from 15 /a X 10 /a up to 
23 p- X 12 p; the nucleus is large and vesicular, and measures horn 5 p X 4 p to 
12 p X 6 p. There is no evidence of any mucinous change in the protoplasm of these 
cells, and the cell bodies refuse to give the reddish-violet reaction with thionin. 

All the above elements of the slime are seen in Plate 30, fig. 1. 

In addition, however, mucin is undoubtedly present in “ solution ” in the slime, for 
dilute alkaline extracts give a precipitate with acetic acid, insoluble in excess, and 
upon long boiling with two per cent. B^SO*, a substance reducing Fehung’s fluid is 
formed. Furthermore, in cover-glass preparations, one gets streaks and nets of a 
material distinguishable from the threads by taking the carmine instead of the picric 
acid of picro-carmine, staining reddish-violet with thionin, and also giving the orange- 
red colour with saffranine, described, by Paneth (21), as characteristic of mucin. 

The slime is alkaline to litmus, but, curiously, will not affect phenolphthalein, a 
point which I have also noticed with Myxine (37). 

§ 2. The Structure of the Epidermis. 

Before attempting to account for the origin of the elements of the slime just 
described, it is necessary to detail the structure of the epidermis. In this account I 
shall describe the epidermis as it appears in its lowest phase of secretory activity as 
prepared by the method mentioned on pp. 324 and 325, and this condition will be 
spoken of as “normal” in contrast to the condition evoked by artificial excitation, 
which will be designated ,£ stimulated.” 

The structure of the normal epidermis has been investigated by the two methods of 
teasing and section-cutting, and will be described under two appropriate headings. 

(a.) Teased Preparations. 

Fresh teased preparations are not successful, the tenacious slimy nature of the 
epidermis not a llow ing sufficient separation of the elements. I have therefore 
resorted to maceration in Banvter’s “ third part ” alcohol, with subsequent staining, 
and teasing in dilute glycerine, or making cover-glass preparations of the macerated 
material with subsequent staining. 

(1.) The club cells .'*-These curious cells are always the most conspicuous element 
in teased preparations. The great variety of form and size of these bodies, indicating 
that they are subject to continual metamorphosis in the process of their development, 
will be evident from & glance at some of the forms shown in Plate 3i. 
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A medium stage in development will be the most convenient point from which to 
commence description. 

In such condition the club cells are pyriform with much elongated stalk, the total 
cell being from 50 /x to 100 /x in length, the greatest breadth 15 /x to 30 /x, tapering 
below to a blunt end varying horn 2 /x to 10 p, across. The stalk is beset with small 
projections, giving it a “shaggy” appearance under the high power. 

Within the upper expanded part of the club is seen a vesicle, bordered by a lattice 
work of clear ma terial in stout struts, and filled with finely granular matter. This 
vesicle is as a rule ovoid, its longer axis coinciding with that of the club and 
measuring from 12 /x to 13 /x in the long, and 9 /x to 20 /x in the short diameter. One 
nucleus with distinct nucleolus is always present, resting against the wall of the 
vesicle, but two such nuclei often occur (figs, 15a and b, Plate 31). At the lower end 
of the vesicle the protoplasm of the stalk of the club presents a central core of 
material more granular than the peripheral parts, and this core may extend for 
variable distances into the stalk, often reaching nearly to the lower end. 

It is not however necessary to find one vesicle only, two such may be present 
(figs. 16a and 166, Plate 31), and in such cases each holds a nucleus. 

As regards action of dyes, the most marked reaction is that with picro-carmine, in 
which the material of the stalk and walls of the vesicle stains brilliant yellow (similar 
to the threads of the slime), while the nucleus stains red, the contents of the vesicle 
usually remaining colourless. This reaction has already been noted by Fcettinger (8) 
for the club cells of Petromyzon. With the Biondi mixture, the body of the club 
takes the acid fuchsin, the contents of the vesicle and the nucleus the methyl green. 

Among these comparatively simple club cells are found others which evidently 
represent further stages in development. 

Apparently two somewhat different processes may occur, though in the end both 
lead to the same nett result, viz., the production from the cell body of a convoluted 
or spiral fibre (“fibre-mass”) which is capable of subsequent further division into 
fibrils, and the extrusion of the contents of the vesicle in the process of development 
of the fibre. 

In both processes the final result is obtained by the vacuolation and canalization of 
the material of the upper part of the body of the club, proceeding generally from 
below upwards and from the regions in the immediate proximity of the periphery of 
the vesicle towards the surface. 

The variation in the process above alluded to, lies in this, that an incomplete shell 
of the original club body material may be left adherent round the vesicle, so that 
when set free it appears as a cell with nucleus and cell wall composed of the club cell 
body material (formation of “escape cell”), or, on the other hand, the vacuolation 
may be more complete and so free the contents of the vesicle with little adherent 
matter (formation of “ escape mass ”). 

The first proems, viz., the formation of an “ escape cell/’ is illustrated in figs. 17 a, 6, 
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and c, Plate 31. In 175 it is evident that the superficial lattice work round the 
original vesicle comes away with it as an outer coat to the “ escape cell.” It would 
appear probable that this lattice work is the result of the erosion of the club body 
material immediately in contact with the wall of the vesicle, in the process of 
vacuolation that leads up to its escape. 

Cells bearing such a superficial lattice-work-like thickening of the cell membrane 
have been described in the epidermis of certain larval Amphibians, and are generally 
known as “Leydig’s cells.” Originally described by Leydig (22) as “ Schleimzellen” 
in the larva of Proteus and Salamander , the description in the latter animal was 
subsequently supplemented by Langerhans (23), Flemming (24), Peitzner (25), 
and List (9). List described them also in the larva of Triton, and Carri^re (26), 
and Paulicki (27) in Siredon pisciformis, the latter observer naming them 
11 Netzzellen.” Leydig (28) too has more recently again given a description for the 
cells in larval Salamander (see especially his fig. 25, Plate 31). 

The rib-like thickenings of the cell membrane were seen by Pfitzner in the living 
epidermis, and are not, therefore, due to a precipitation by reagents as Flemming 
supposed. Flemming and Paulicki, moreover, showed that the nucleus of these 
cells is not necessarily “ incised ” as Langerhans originally described. The fate and 
function of the cells in larval Amphibians is quite unknown. They at any rate, how¬ 
ever, belong exclusively to the period of aquatic life (Peitzner and Paulicki), and 
during that period undergo division (Flemming, Pfitzner, and Paulicki). 

These “ escape cells ” are frequently found isolated in teased preparations of the 
Eel’s skin, and in many cases bear a striking resemblance to the figures of the 
Leydig’s cells of larval Amphibians given by the above authors. 

Figs. 21, 22, and 23, Plate 31, are illustrative of the structure of these cells, and are 
all drawn to the same scale. The size is very variable, 65 p X 50 /x to 20 /a X 12 /a, 
the majority, however, having an average size of 40 /a X 30 /a. The lattice work 
takes the picric acid of picro-carmine, suggesting that it is of the same composition as 
the club cell body material, while the granular contents stain faintly pink. The 
larger specimens (figs. 21 a and 6) generally bear attached a convoluted piece of the 
“thread mass,” to be shortly described. Occasionally these cells bear distinct traces 
of the method by which they have been shelled out by a process of vacuolation, 
bearing attached some of the bars of the lattice originally formed in the substance of 
the head of the club (figs. 22a, 5, and c). Two nuclei are often present (figs. 225, 
23a), though whether this is due to origin from the vesicle of a bi-nuclear club or to 
subsequent division is not clear, though nuclei with two nucleoli (fig. 235) would 
seem to suggest the latter as a possibility* I have never seen any mitotic figures, 
however, in these nuclei. 

In other cases the nucleus is found on the point of being extruded (figs. 235, c, 
and d). 

In the second process of development of the club cell, viz,, tbe production of au 
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“ escape mass,” the vacuolation of the material of the club head appeal’s to be more 
extensive, and, instead of a special capsule remaining round the original vesicle, the 
whole is broken up, leading to setting free of the granular mass within. Such 
granular masses ( c< escape masses ”), often still holding the original nucleus of the 
vesicle, are frequent in the teased preparations, and are evidently only a modification 
of the escape cells above described. 

The process of vacuolation of the club head is illustrated in figs. 20a, b , and c, 
Plate 31, and it is at once evident from a glance at these how the f< fibre mass,” 
consisting of the remains of the club body material is formed by being “ gutted out ” 
of the head of the club, the stalk remaining attached. 

A splendid example of an isolated “ fibre mass ” is figured in fig. 20 d, Plate 31. It 
is to be noted that these fibre masses are always coiled or spirally wound (figs. 18a 
and 6, 19a and b } 20 c and d), suggestive of an “ elater ” action in removal of the 
surface epidermic scales to allow of escape of secretion; I have not, however, been 
able to convince myself of any hygroscopic property. 

The “ thread mass ” thus formed is capable of further disintegration. Secondary 
vacuolation is often seen within it at its upper part (fig, 19a, Plate 31),. and it is 
finally possible .for it to be split into the finest fibrils similar to those found in the 
secretion (fig. 4h, Plate 30). These finely fibriilated fibre masses stain brilliant yellow 
with picro-carmine, and there can be no doubt that the fibres of the secretion are 
ultimately derived from the fibre masses of the club cells. 

The earliest stages in the development of the club cells will be more conveniently 
considered in connection with the description of the sections. 

In addition to the club cells the other cell forms found in teased preparations merit 
a short description here. 

These are—(ii.) Ordmary epidermic cells; (iii.) Goblet :cells ; ( iv -) Connective 
tissue cells , (a.) Pigmented, ( b .) Unpigmented; (v..) Small round cells to which the 
name of “fibroblasts” will be given. 

(ii.) Ordinary epidermic cells. —These vary much in shape and size according to 
the depth in the epidermis from which they are taken (as shown by comparison with 
sections). Illustrations of the various forms will be found in fig. 26, Plate 32. 

Cells coming from the region between the stalks of the club cells are laterally 
compressed with much elongated nuclei (a, b, c, and l), while the more superficial 
cells are polyhedral or rounded with large rounded nuclei (h and i). It is only upon 
cells of the latter shape that “ prickles ” are distinct. Bi-nucleated cells are frequent, 
hut here again I have failed to find mitotic figures (fi g, j, and lc)* 

' * January, 1894. In Tetromyzm, F. 1 . Schulze (6) figures (taf. 8, fig. 26) one of the surface 
epidermic cells with porous cuticnlan border, in a stage of transformation into a goblet cell, and 
(85) has described a •secretion of granules from the same cells in the Ammoccete larva. 
&*•%*&* I find several rows of secreting goblets at the surface. In the Eel, as will be evident from 
I ^7 Seating the fish with dilute methylene "blue solution, there is no 

evidence of a secretory process in tbe surface cells of the epidermis. 
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(iii.) Goblet cells. —Tiie full account of those will be found in the description of 
sections. The cells in teased preparations from macerations in Ranvier’s alcohol are 
usually swollen and ruptured, presenting an empty theca with wide or narrow stoma, 
some remnants of protoplasm holding the nucleus lying at the base (fig. 27, Plate 32). 

(iv.) Connective tissue cells. —That cells of mesoblastic origin may find their way 
into the epidermis of certain animals is well known. Leydig (29) first drew attention 
to the presence of pigmented connective tissue cells in the epidermis of Reptiles, Fish, 
and Annulates ( Piscicola). F. E. Schulze (6) described such structures in the 
epidermis of Eel, Tench, Sturgeon, Silurus, and Ruff. Leydig (30) again has shown 
the presence of such cells among the epidermic cells of Gasteropods, and later (10) 
demonstrated that “ Strahlenzellen,” quite devoid of 'pigment, could also occur in the 
epidermis of Fish ( Cyprinus camssius). In the same paper he figures (fig. 32, Plate 9) 
contractile chromatophores from the epidermis of Pelobates fuscus. Zimmerman n (31) 
too has described the occurrence of chromatophores among the epidermic cells of the 
Frog and larval Salamander and their division (mitotic) in the latter. 

The pigmented connective tissue cells (chromatophores) of the epidermis of the Eel 
send their much ramified processes among the inter-epithelial spaces, and are evidently 
capable of locomotion, since in sections one finds them at various levels, and present 
in varying number at different spots. They are extremely rare in the epidermis of 
hybernating specimens. Since these cells break easily in teasing, one only sees their 
form to advantage in sections, and those figured in fig. 24, Plate 32, are from such 
preparations. 

The non-pigmented connective tissue cells, which Leydig has shown may exist 
among the epidermic cells of Fish, are very abundant in the case of the Eel; indeed, 
a regular network of these cells appears to'exist in the lower layers of the epidermis. 

The processes of these cells are of extreme fineness and great length in many cases, 
and it is these processes that form a felt work surrounding especially the stalks of 
the club cells. 

Between these fully developed, non pigmented connective tissue cells and the fifth 
kind of cell to be described (fibroblast) a complete series of forms can easily be traced 
(see fig. 25, Plate 32). 

(v.) Fibroblasts .—The cells to which I have given this name are without doubt 
identical with the small rounded cells resembling lymphocytes described by Langer- 
hans (7), List (13), and Fritsch (12), already alluded to in the introduction to this 
paper! The total cell measures only 4 g, to 5 /x, has a nucleus extremely rich in 
chromatin, and a barely distinguishable rind of protoplasm externally. A few of the 
isolated cells are figured in the upper left-hand comer of fig. 25. These cells are 
frequently found dividing, and mitotic figures are easily recognized in their nuclei. 
As mentioned above, transitional forms between these cells and the unpigmented 
connective tissue cells are readily found, the change being produced by a simple 
growth of the protoplasm out into processes, usually commencing on one side first. 

2u2 
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The richness in chromatin of the nuclei of these fibroblasts is one of their most 
marked features, and the nuclei of the developed connective tissue cells have the same 
characteristic, so that they are very conspicuous in sections (see figs. 5 and 13, 
Plate 30 ; also Photo E, Plate 33). The origin of these cells will be considered in the 
description of sections. 


(j8.) Sections of Normal Epidermis . 

It is only in sections that the origin of the elements differentiated in teased 
preparations can he adequately traced. The sections have been cut in planes both 
vertical and parallel to the surface of the skin. That the sections in the former 
direction were not oblique was judged at once by observing the appearance of the 
conical palisade cells of the lowest layer. 

The elements requiring description are :— 

(a.) The palisade cells and their immediate descendants. 

( b .) The club cells at various levels. 

(c.) The goblet cells. 

(d.) The fibroblasts. 

(e.) The formed connective tissue elements. 

(a.) The Palisade Cells. 

Situated upon a basement membrane of some two or three micro-millimetres in 
thickness, separating the epidermis from the corium, is a single layer of conical cells, 
whose apices are often prolonged for some distance between the cells of the super¬ 
jacent layers. The height of these cells is very variable (8 p to 35 ju,); the basal 
breadth is from 4 fi to 8 p (see figs. 2, 5, 8, &c., Plate 30 ; also Photo A, Plate 33). 

The body of the cell stains brownish-yellow with Elemmin&’s fluid, the externally 
directed process being usually more deeply tinted. 

The nuclei are oval, with long axis coinciding with that of the cell, “ vesicular,” 
with distinct nuclear membrane, and, as a rule, rather poor in chromatin. In the 
resting state these nuclei measure 3 /x to 12 ^ in length and 1*5 ^ to 4 ja in breadth. 

Evidence of nuclear division is common (fig. 7, Plate 30), but here again I have 
never seen mitotic figures. As regards the plane of division of the cell, it appears to 
be more often parallel to the long axis of the cell than transverse, so that dividing 
nuclei are most dearly seen in sections cut parallel to the surface of the skin. 
Divisions at right angles to the long axis are, however, not infrequent. 

The descendants of these cells are: (1) the club cells; (2) the .goblet cells; (3) the 
ordinary epidermic cells. 

■ £f*) Origin of Club Cells from Palisade Cells .—In transverse section^ across, the 
long axis of the palisade cells it is often evident that a lateral bulging of the cell 
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body occurs before division takes place. This lateral enlargement differs in staining 
reaction and appearance from the rest of the cell body. In material hardened in 
Flemmings fluid and stained with saffranine, this differentiated portion appears 
homogeneous and stained brownish-yellow, while the rest of the cell body is faintly 
granular, and either lighter yellow or stained pink by the safiranine (see fig. 7, Plate 30). 

This lateral enlargement forms the body of the young club cell, and having received 
its nucleus from the dividing palisade cell, it commences to grow towards the surface. 

As a consequence of this mode of origin, one often finds in vertical sections of early 
stages that the slender lower end of the young club cell is wedged in between two 
palisade cells, and still in contact with the basement membrane (see fig. 2, a, b, c, 
and f Plate 30). Though the method of origin above described is by far the most 
common, it is also possible for club cells to arise by the method of division of the 
palisade cells at right angles to their long axis (see again fig. 2, e, g, and h, Plate 30). 
In this case the pointed process of the palisade cell grows out, and at the same time 
undergoes the same change as occurs in the formation of the lateral enlargement in 
the first method, becoming homogeneous and staining browner than the rest of the 
cell body with Flemming’s fluid. 

The further development of the club cells will be followed under (b) of this section. 

(2.) Origin of Goblet Cells from the Palisade Cells .—A young goblet is always 
distinguishable from a young club cell in this, that the upper part of the cell instead of 
being homogeneous and brown in Flemming’s fluid and safiranine preparations, is finely 
granulated and stained red. In fact, the transformation of some of the protoplasm 
into mucigen occurs before the cell has been constricted off from the palisade cell that 
gives it birth (fig. 9a, 1, 2, and 4, Plate 30). 

The nucleus too, in this early stage, shows a far more distinct nucleolus as a rule 
than that of the young club cell, and this large nucleolus is a feature in the nucleus of 
the fully developed goblet cell. In the origin of a goblet from a palisade cell, the 
rule is for the palisade cell to divide at right angles to its long axis, but origin by 
division parallel to the long axis also occurs. Both of these methods are illustrated 
in figs. 9a and b, Plate 30. 

The method of origin of the goblet cells of the Fish epidermis has, I find, been 
variously described by previous observers. 

F, E. Sghtjlze (6), who investigated thirteen Teleostean genera, including the Eel, 
and also Accipenser and Petromyzon, considered that the goblet cells arise from the 
ordinary epidermic cells of the upper and middle layers, and, in Petromyzon, he figures 
(fig. 2b, Plate 8) a surface cell becoming transformed into a goblet Fcettingee (8) 
confirms Sohtjlze’s account for Petromyzon , and Fritsch (12), using Malapterurus, 
also agrees with Schulze with reference to the origin from the ordinary epidermic 
cells. List (9, III.), however, in Cobitis and Torpedo saw the goblets arising in the 
lowest layers, though he does not exclude the possibility of origin from the upper 
cells also. 
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In the Eel, I have never seen any other method of origin than that above described, 
i.e. } direct from, the palisade cells, and these small closed goblets can be traced up 
through the layers above, expanding as they came to maturity, and finally discharging 
at the surface, 

(3.) Origin of the ordinary Epidermic Cells from the Palisade Cells .—Dividing 
palisade cells are often met with, which show neither of the modifications above 
described. There can be little doubt that the descendants of these are the ordinary 
^ epidermic cells, seeing that cells of the character of those found nearer the surface, but 
elongated from compression between the stalks of the clubs, are found low down, 
immediately above the palisade cells (see figs. 29 and 30, Plate 32 ; also fig. 9b, 7, 
Plate 30). 

Again, at the edge of the lip, club cells are absent and goblets few, the mass 
of the epidermis being formed of the ordinary epidermic cells (see fig. 32, Plate 32). 

(b.) The Club Cells at Various Levels. 

The young club cell once separated from its mother palisade cell rapidly grows up 
into the layers above, and undergoes the following process of development:— 

A vesicle becomes developed in the neighbourhood of the nucleus. This process 
may commence even before the club has separated from the palisade layer (see g in 
fig. 2, Plate 30), but the rule is that the vesicle does not develops till later. 

The formation of the vesicle is preceded by the development of a marked granularity 
in the material immediately surrounding the nucleus (fig. 3, Plate 30). This granular 
material stains as densely with saffranine as the nucleus itself, though, whether it 
represents extruded nuclear material or not, I am unable to state definitely, though I 
am inclined to consider it as modified cell body material. The contents of the vesicle 
are formed from this granular material, and, as the vesicle grows in size, it is 
easy to see at its borders, in many instances, a layer of the granular material. 

As regards the orientation of the vesicle, it may appear at the outer or inner side of 
the nucleus, or at both simultaneously (fig 28, Plate 32). A distinct nucleolus is visible 
within the nucleus at this stage. The material within this vesicle is different to the 
rest of the club body,’ and, moreover, does not agree in reaction with the material 
formed in the goblet cells. The reasons for this statement are as follows : the material 
in the vesicle stains a grey colour with Flemming’s fluid, which is in marked contrast 
to the brownish-yellow, or brown colour, taken by the material of the club body 
(figs. 5 and 8, Plate 30). In sublimate specimens treated with the Biondi stain, the 
material of the vesicle takes the methyl green, while the club body takes the acid fuchsin. 
Again, as regards differences between the contents of the club vesicles and those of 
the goblet cells. In specimens fixed with Flemming’s fluid, safiranine stains the goblets 
but not the dub vesicles (figs. 5 and 8, Plate 30); the same is true of methylene blue. 
Wj$h the goblets stain reddish - violet, hut the club vesicles are not stained 

(fig. 13, Plate 30). In specimens treated with Flemming’s fluid, soluble blue is the 
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only stain with which. I have succeeded in staining the contents of the club vesicles 
(fig. 6a, Plate 30). In sublimate or picric acid specimens, however, saffranine, 
haematoxylin, and methyl green will all dye this material.* 

The formed vesicle now continues to enlarge, and a curved line is often noticeable 
across its wall, separating a denser part below from a less dense part above (fig. 8, 
Plate 30). This is probably related to the differentiation of a membrane for the escape 
cell, since in later stages the vesicle again looks homogeneous. 

The surrounding wall of club cell body material soon now becomes thinned on one 
side (fig. 6b, Plate 30), and either an “ escape cell 55 is distinctly set freeam ongst the 
upper epidermic cells (fig. 30, Plate 32), or an “ escape mass,” containing more or less of 
the club body material in its walls, is found above the remaining fibre mass (fig. 13, 
Plate 30; Photo A, Plate 33). 

During these later stages the contents of the vesicle assume a distinctly granular 
appearance in Flemming hardened material, which is absent in the younger condition 
(cf. figs. 6a and b, Plate 30), and the cc escape mass ” holds even more granular 
contents, which, however, retain the peculiarity of staining with soluble blue (fig. 6c, 
Plate 30). 

Sections through the upper layers of the epidermis, parallel to the surface, show the 
escape masses with their granular contents and wall of club body material remarkably 
clearly. It will be noticeable from a glance at fig. 6b, Plate 30, and fig. 30, Plate 33, 
that the substance constituting what I have termed the “fibre mass,” darkens with 
the osmic acid of the Flemming’s fluid to a greater extent than the rest of the club 
body material, and even in the young club cells the apex and neighbouring parts is, 
at a very early stage, found to be gradually becoming differentiated in this manner, 
the process extending from the outer towards the inner part. 

Finally, the “ escape masses ” or “ cells ” come to lie immediately beneath the 
surface scales, and are extruded, breaking up in the process, for they are never found 
as such in the slime itself. 

As regards the final fate of the " fibre mass,” that part of it which does not pass 
out with an escape mass, may remain for some time in the epidermis (fig. 5, Plate 30), 
but it also is gradually eliminated, and one often comes across gaps between the 
surface cells lined by a few fibres (fig. 13, Plate 30, and fig. 33, Plate 32), indicative of 
the point of extrusion. Whether the fibre mass is merely passively extruded by the 
pressure of surrounding growing cells, or whether by virtue of its spiral structure, 
aided by hygroscopic property, it actively takes part in its own elimination, I cannot 
say for certain, but the appearance presented in fig. 29, Plate 32, and certain con¬ 
siderations in connection with the histological appearances in artificially stimulated 
skins, would seem to be in favour of the latter hypothesis. 

* January, 1894. I find that the contents of the vesicles of the club cells readily give the Lilienfbld 
and Monti (33) phosphorus reaction. The material in the goblet cells, on the other hand, remains 
unstained, obviously on account of the absence of phosphorus from mucin. 
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( c .) The Goblet Cells. 

The mode of origin of these cells has been considered in § a (2). Once free of the 
palisade cells they appear to be pushed up by the new cells originating below, 
growing in size as they approach the surface, but remaining completely closed till it 
is reached. In material hardened in Flemming's fluid the nucleus which lies in a 
protoplasmic appendix of the theca (List’s “befusste Becherzellen ”) always holds a 
remarkably large and distinct nucleolus (figs. 8, 9,12, and 13, Plate 30, also Photo A, 
Plate 33). The youngest separated goblets measure 8 /x to 10 /x, the oldest surface 
specimens may be as large as 60 /x. The shape is very variable (figs. 9, 11, and 12, 
Plate 30) on account of the variable pressure to which they are subjected at different 
levels in the epidermis. 

The contents of the theca appears in the form of distinct granules in the younger 
goblets if fixed with Flemming’s fluid or osmic vapour, but in sublimate and picric 
acid specimens and even in Flemming’s fluid material in the large surface cells one 
sees the appearance described by List (9, III.) of a “filar and interfilar mass.” 

Since I have only seen this latter condition in the surface cells in osmic vapour 
and Flemming hardened material, I consider that it is produced by a process of 
imbibition of water by the contents of the theca when it nears the surface. I agree 
with List in considering that some such imbibitory process accompanied by swelling 
brings about the rupture of the theca, and one frequently finds the surface scales in 
the act of being forced up by an expanding mass of extruded mucus, and later stages 
in which a plug of mucus projects from the stoma (figs. 12& and c, Plate 30) above the 
general surface of the epidermis. The staining reactions of the contents of the theca 
at all stages of development have already been referred to; the thionin reaction 
(figs. 11 and 13, Plate 30) is perhaps the most noteworthy. In no case have I seen a 
goblet cell with two nuclei, a fact confirmed by List (9, III.) in the case of the 
epidermis of Fish. 

Apparently the life of a goblet cell is not ended when it reaches the surface and 
discharges its first load of mucus. Forms are often found in which the protoplasmic 
foot appears to be growing up (fig. 12, Plate 30, c and d, on the right), and again 
elongated cells filled with granules staining black with osmic acid and devoid of 
mucigen (fig. 11, Plate 30, on the left), which appear to represent the protoplasmic 
“ foot” of a goblet cell Furthermore large rounded cells, whose body stains reddish- 
violet with thionin, while the nucleus stains blue, are sometimes found two or three 
cells below the surface (fig. 10, Plate 30). I can only regard these cells as regene- 
rating goblet cells* and agree with List that in the Fish epidermis, at any rate, a 
goblet cell is capable of more than one discharge of mucus. 

(4) Fibroblasts, . 

aa>as&.atn*ai round cells, already referred to in the description of the teased 
preparations, are a yery marked element in sections on account of the intensity with 
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which their nuclei stain with most dyes. They are most numerous in the intervals 
between the apices of the palisade cells, where they often occur in little masses. As 
one passes towards the surface the relative quantity of these cells diminishes, and in 
the lower phases of secretory action I have not found them amongst the upper 
epidermic structures, though in stimulated Fish it may be otherwise. The nuclei in 
the lower collections of these cells very frequently present mitotic figures (fig. 5, 
Plate 30), and there can be no doubt that local multiplication occurs. 

As regards the origin of these cells, I agree with List (13) that they are wandering 
cells, for not only do I find exactly similar cells between the fibres of the corium as 
he did in Cobitis, but I note them passing through the basement membrane and 
between the palisade cells, as is very evident in Photo E, Plate 33. The function 
and fate of these cells is considered in the next paragraph. 

(e.) The Formed Connective Tissue Elements. 

These, as already stated on p. 331, are of two kinds, pigmented and non-pigmented; 

The pigment cells require no description here as they have already been referred to 
under (a) of this section, p. 331. They may reach very near to the surface as is evident 
in fig. 10, Plate 30, but their number is very variable in different specimens. 

The non-pigmented connective tissue cells are difficult to distinguish in well- 
preserved specimens where no shrinkage has occurred; one, at most, sees a fibrous 
appearance between the other elements, especially in the lower layers of the epidermis. 
If, however, one observes sections of material in which the club cells have undergone 
shrinkage (this often occurs in picric acid hardened skins) a complete supporting net 
formed of the branches of connective tissue cells becomes evident. Photo F, Plate 33, 
is from a section taken parallel to the surface and the network is there evident. See 
also fig. 316, Plate 32. 

These connective tissue cells appear to arise from the small wandering cells, for, as 
already mentioned and figured in fig. 25, Plate 32, all stages can be traced between the 
two forms. I can see no evidence whatever for Fjritsch’s hypothesis that they supply 
the superficial epidermic scales, indeed the demonstration in Photo F, Plate 33, that 
these cells are of extra-epidermic origin removes the ground from under it at once. 
Nor again do I see any evidence in the Eel in support of List’s hypothesis that these 
cells undergo any degenerative process and pass out as “ Schleimkorperchen ” in the 
secretion. Norm all y, I am convinced that they form the epidermic supporting tissue, 
and I therefore see no need here of considering any phagocytic theory that might 
possibly be advanced. I shall again have to refer to these cells in connection with the 
consideration of the effects of artificial stimulation. 

Addendum to § 2. 

Nervous structures and connections .—Nerve fibres passing from corium to epidermis 
are easily observed, and on the afferent side the (t becberformige Sinnesorgane,’ 
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originally described by Leydig (1, 10, 29, p. 84), are often met with, being especially 
clear in the lip, (fig. 33, Plate 32). As regards, however, a connection between the 
secretory elements and the nervous system, I have no certain anatomical results to 
describe; even in gold chloride preparations I have not been able to convince myself,* 
As will be seen later, however, in connection with the effects of stimulation, there 
appears to be physiological evidence of such connections. 

Variations in distribution of secreting elements. —F. E. Schulze (6) observed that 
the club cells do not exist in Petromyzon at the edge of the ventral fin, nor in the 
lips. In the lip of the Eel I find they are quite absent at the edge (fig. 32, Plate 32) 
and on the inner surface, though as one passes towards the general surface of the head 
these cells gradually make their appearance. The edges of the pectoral fins too are 
devoid of club cells, though they are present upon the rest of the surface of these 
organs. The goblet cells I find present over the whole surface of the animal, though 
local increases in their relative amount (and the same is true of the club cells) are often 
noticeable. The goblets are most numerous on the inner surface of the lip. 

§ 3. The Origin of the Formed E leme nts oe the S lim e. 

Having now considered the structure of the epidermis and the mode of development 
of its elements, it is possible to treat of the origin of the elements of the slime, whose 
consideration was discontinued at p. 327. 

Threads. —That the threads of the slime originate from the “ thread masses ” of the 
club cells there can be no doubt. 

It has been seen that elongated “thread masses” on the point of escape (fig. 5, 
Plate 30} can be detected in the epidermis, and that surface gaps lined by fibres (fig. 13, 
Plate 30, and fig. 33, Plate 32) may also exist. Again the threads of the slime, and the 
bodies and “thread masses” of the club cells, give the same brilliant yellow reaction with 
picro-carmine. And finally, in teased preparations from the epidermis of stimulated 
Eels one often finds “thread masses ” distinctly breaking up into threads (figs. 4a and 6, 
Plate 30). 

The club cells then of the epidermis of the Eel are “ Fadenzellen” in the sense 
applied by Koluker (2) thirty-three years ago to those of the epidermis of Myxine , 
though in the case before us we have no specialized glandular involutions of the 
epidermis in which the process of thread formation is carried out to its full extent. 

The unravelled threads would not easily be differentiated from unwound threads of 
Myxine, and such a specimen as that depicted in fig. 14, Plate 31, is suggestive even 
of the complexity of the “ aufgewickelte Fadenkorper ” of Johannes Mu ller from 
the slime glands of Myxine. 

* January, 1894 A few preparations were made by the “ Golgi method,” hut, unfortunately, only 
the slow process was employed, and tlie delicate epidermis was not well preserved by the potassio 
hmhxonaate without addition of oemic add. I intend to again investigate the point by the aid of the 
“rapid mailed "with oemic acid, which, I believe, will preserve the integrity of the stmotnre. 
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In this connection I may state that from Petromyzon fiuviatilis by suitable stimula¬ 
tion I have obtained a thread secretion which is undoubtedly formed from the club 
cells of the epidermis, and the elements of which give the characteristic reaction with 
picro-carmine. Fcettinger(8) saw the extrusion of the club cells in this Fish, but he 
does not describe the final stage of thread formation. 

I am, therefore, quite unable to accept the more recent account by Pogojeff ( 15), 
as regards the nervous nature of the club cells of Petromyzon , and conclude that, in 
the three cases I have examined, Myxine , Anguilla , and Petromyzon, the greater part 
of the club cell is eliminated in the forms of threads, which can be detected in the slime. 

Nuclei .—As regards the nuclei of the slime, two possible origins present themselves, 
(1) From the nuclei of the vesicles of the club cells ; (2) From the nuclei of the fibro¬ 
blasts. 

Size is, unfortunately, no help in coming to a decision between these two possible 
sources of origin, though it at once enables one to state that these slime nuclei me 
not those of epidermic scales, for the latter are far larger than the former. 

Foettingeb, (8) noted in Petromyzon that the extruded club cells did not contain a 
nucleus, and the fact is evident enough in the fibre masses of the cells in the Eel. 
The nucleus of the original club cell passes away in the escape cell, or mass, and as 
this is absent as such from the slime, it must break up upon extrusion, and its nucleus 
be set free. 

As regards the other possibility, origin from fibroblasts, I have not observed that, 
under “normal” conditions, these reach the surface. On the whole, then, I am inclined 
to consider the slime nuclei as derived from those of the club cells, though, under 
conditions of severe stimulation, I think an origin from fibroblasts is also possible. 

Granules .—The granules of the slime appear to be the granules of the escape cells, 
or masses, developed from the contents of the vesicles of the club cells. Their 
general similarity, and the staining reaction with soluble blue and methyl green, 
together with the similarity of the Lilienfeld and Monti phosphorus reaction 
( v . footnotes pp. 326 and 345), in the two cases, form, however, the only basis upon 
which I make this statement. The mucin streaks and nets found in cover-glass prepa¬ 
rations of the slime must owe their origin to the extruded contents of the goblet cells.* 

§ 4. The Histological Appearances in Artificially Stimulated Skins. 

The details of the process of secretion, so far deduced mainly from the examination 
of the slime and the variations in appearance of the elements of the " normal ” skin, 
are confirmed, and to some extent supplemented, when the skins of a n i m als submitted 
to artificial stimulation ate investigated. 

Summer Fish were used, as a rule, since these ate quicker to react to irritation than 

* January, 1894. I have failed to find evidence of the presence of any proteolytic ferment, similar 
to that extracted hy Miss Alcook (36), from the skin of the Ammocoete larva, in the skin of the Eel. 

2X2 
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those obtained in winter, and stimulated skins were obtained in three ways, (1) The 
pithed animal was suspended in a vessel filled with the vapour of chloroform; (2) The 
pithed animal was subjected to faradization; (3) An animal, not rendered motionless 
by the first act of pithing, was allowed to writhe and slime (“mechanical stimulation”). 

Of these three methods, the first is by far the most efficacious for the production of 
the highest phase of excitation; indeed, the secretory changes within the epidermis 
are almost “volcanic” in character, and the structure becomes so loosened that 
successful histological work requires great care. Since, however, a narcotic action of 
the chloroform vapour on the elements of the epidermis must finally supervene, this 
method is not so suitable for observation of the effects of prolonged stimulation as the 
second. In the third method, one generally finds that secretory action is less marked 
than in the other cases, and it is liable to be localized to various parts of the surface. 

Both teased or cover-glass preparations and sections of stimulated skins have been 
studied. 


(a,) Teased Preparation of Stimulated Skins. 

These have been prepared from chloroform vapour stimulated animals. As one 
would expect, such preparations differ from the normal mainly in this, that very few 
normal club cells with closed vesicle are to be found; on the other hand, the field 
teems with “ fibre masses ” in various stages of disintegration into slime fibres. Such 
forms as are figured in figs. 4a and b, Plate 30, are the rule. 

At the same time the number of extruded nuclei is generally very great. 

The w escape cells,” so abundant in the teased preparations of the normal winter Eels, 
are conspicuous by their absence in similar preparations from stimulated skins. The 
process of development of the fibre mass from the club cell and the setting free of the 
contents of the vesicle is far more energetic than in the normal slow secretory process, 
and instead of a slow “ shelling out ” of the vesicle and its contents, an almost explosive 
disruption of the structure appears to occur in stimulation by chloroform vapour. 

One must, however, turn to the sections in order to see how energetic this secretory 
action may be. 

(A) Sections of Stimulated Skins, 

(1.) Chloroform Vapour Method, 

As above mentioned, the epidermis of a chloroform vapour stimulated Eel becomes 
loosened in texture. This loosening is dependent upon three changes:—(a) The 
eruptive production of spiral fibre masses from the club cells within the epidermis ; 
(j8) the production and swelling of goblet cells; (y) the passage of numbers of 
fibroblasts into the epidermis. * 

(a.) The Changes %n the Club Cells upon Stimulation. —A section through a chloro¬ 
form vapour stimulated skin at once reveals the fact that few-, if any, of the club 
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cells remain in their normal condition. Curling fibre masses (fig. 36, Plate 32, and 
Photo C, Plate 33), with granular matter round their upper ends, have now taken 
the place of club cells with closed vesicles. There can be no doubt that the process 
of production of the spiral fibre masses from the normal club cells has been the 
result of the excitation, and instead of the process occurring only in the more 
developed clubs nearer the surface, it has occurred in the lower layers to almost equal 
extent. If the excitation has not been severe the surface epidermis may still remain 
intact (fig. 36, Plate 32, and Photo C, Plate 33), but should it he intense, this eruptive 
uncoiling of fibre masses may lift the surface cells, with a general disintegration of 
the epidermis as a resultant, A magnificent example of this will be found in 
Photo B, Plate 33, which should be contrasted with that of a normal skin in the 
lowest phase of secretory activity presented in Photo A of the same plate. 

The question at once arises : Is this action of chloroform vapour a direct one upon 
the club cells ? or, Is it a reflex action demanding nervous ties with the cord ? 

The answer is certainly to be given in favour of the latter query, for the following 
reason, that exposure of exsected shin to the action of chloroform vapour does not 
produce the effect. 

There is never any evidence of “ an eruption ” when the vapour is allowed to act 
upon the removed skin. Fig. 35, Plate 32, is from a piece of removed skin subjected 
to chloroform vapour for about fifteen minutes, and is to be contrasted with fig. 36 of 
the same plate, where the animal with intact spinal cord was stimulated by the 
vapour. There is, then, physiological evidence of nervous connections for the club 
cells, though I have not as yet been able to convince myself of the fact anatomically. 

It should here be noted that in former experiments upon the electromotive pro¬ 
perties of the skin of the Eel (34) I found that exposure of exsected skin to the action 
of chloroform vapour caused a fall of potential, and I believe that the direct action 
upon the protoplasm of the secretory elements is narcotic, though in early stages one 
may have a reflex excitatory effect in the animal with intact cord. 

In this reflex stimulation of the club cells it is apparently only the formed cells 
that react to the excitation; at any rate I have seen no evidence of chloroform 
excitation leading to a rapid production of new individuals from the palisade cells. 
Yet it is difficult to imagine how any nerve connection with the club cells can he 
retained after they have been set free from the palisade layer. Possibly some con¬ 
ducting protoplasmic connection, that has escaped me, is retained between the 
palisade cells and the club cells, the nerve connection being solely with the former.* 

(£.) The Production of Goblet Cells . —At the same time that this extraordinary change 
is produced in the club cells, a great production of goblet cells also appears to take 
place upon stimulation with chloroform vapour. Normally a small rounded goblet 
cell occurs here and there above the apices of the palisade cells. After stimulation a 

* Or it may be that we have to deal only with contiguity of nerve fibres to irritable structures. 
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dense crop is usually found above the palisade layer (fig. 36, Plate 32), generally 
giving evidence of being subjected to pressure by their elongated form. 

At the same time the older goblets in the upper layers became swollen, and even in 
osmic and Memming hardened material have lost their granularity, which is replaced 
by a network. 

This change is apparently due to a local action of the vapour, for I have not gene¬ 
rally found much difference in number of goblet cells between the exsected skins and 
those stimulated on the animal. The paucity of goblets in fig. 35, Plate 32, is rather 
exceptional. 

(y.) The Passage of Fibroblasts into the Epidermis.-^— The quantity of fibroblasts in 
the lower layers of stimulated skins is one of their most marked features. This is 
clear in fig. 36, Plate 32. 

This change can, of course, only occur so long as the skin is on the animal, and, 
consequently, exsected skins subjected to chloroform vapour do not show this 
peculiarity. 

That these cells are really exuded leucocytes is forced upon one when one observes 
transverse sections of blood-vessels. Capillaries lie some 5 /a or 10 p. below the base¬ 
ment membrane, and in stimulated skins it is easy to trace the leucocytes from the 
vessels towards the epidermis. The extent to which diapedesis may occur is depicted 
in fig, 34, Plate 32, from a section across the pectoral fin. 

In the rapid processes of reflex secretion evoked by chloroform vapour, it would 
appear that all these extruded cells are not converted into connective tissue corpuscles, 
for one finds them unaltered in the upper layers of the epidermis, and sometimes large 
masses of small cells, 5 /a to 6 p, in diameter, are found lying upon the surface of the 
stimulated skin. A good instance is seen in Photo B, Plate 33. 

It is, of course, possible that many of these nuclei are from extruded club cell 
vesicles, but since I find a distinct cell body round most, I am inclined to consider 
them as undeveloped fibroblasts. 

(2.) Stimulation by Faradization. 

Faradization does not appear to act as such a strong stimulus as chloroform vapour, 
but, since it can have no narcotic after-effect, can be used for observing the effects of 
a long period of moderate excitation, in contrast to the violent but brief reflex action of 
chloroform. Prolonged faradization supplies skins without a trace of surface epidermic 
cells, though one finds that multiplication in the lower layers is very active. Again, 
young club cells are frequent in the lower layers, but are usually directly extruded as 
such, vesicle and all, so that in Eels faradized in air, a collection of extruded club cells 
is found upon the surface, many giving signs of subsequent disintegration. An 
illustration of this is seen in Photo D, Plate 33. Fcettirger (8) has already figured 
these extruded club cells in Petromyzon (see figs. 10,11, and 12, Plate 31, of his paper). 
The nuclei of the palisade cells also exhibit signs of division to a very marked extent. 
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No marked production of goblet cells, on tbe other band, is evident in faradized 
skins. Fibroblasts are, however, very numerous in the lower layers (Photo D, Plate 33), 
and extra vacated red corpuscles are often found among the fibres of the corium. 

(3.) Mechanical Stimulation. 

The changes met with in the skins of Eels that have writhed in the process of 
capture are, as would be expected, less marked and often localized. 

They have already been incidentally referred to in previous pages, since such 
moderate conditions of stimulation could scarcely be separated from the account of 
the slow process of normal secretion. Figures in illustration are given in Plate 30, 
fig. 5, and Plate 33, fig. 29. 

The most marked effect, therefore, of subjecting Eels to artificial stimulation is to 
cause a rapid production of fibre masses from the club cells. In stimulation by chloro¬ 
form vapour, this process is almost “ volcanic ” in its energy, the epidermis being so 
loosened that slight pressure is sufficient to cause removal of the upper layers. The 
animal, therefore, actually leaves a considerable part of its epidermis behind when it 
is gripped, the regenerative palisade layer, however, always remaining. The increase 
of fibroblasts, which also occurs, is suggestive of the idea that these may act as a 
temporary protection and support by development into connective tissue corpuscles, 
during subsequent regeneration of lost elements. 

Note upon the Action op Atropine. 

Eels are very resistant to intoxication with atropine, and live for days in fairly 
strong solutions. It is, however, possible to obtain histological effects, which are of 
some interest and are indicative of a paralytic action of the drug as regards secretion. 

The skins of atropinized Eels teem with fibre masses and escape masses, yet there 
is no evidence of rapid removal of the surface or escape of the secretory elements or 
their products. Figures from sections of an atropinized Eel, which refused to give 
any excitatory electrical variation upon faradic excitation (see my former paper, ‘ Phil. 
Trans.’, vol. 184, B, p. 360), are given in Plate 32, figs. 31a and l. It would appear that 
the appearances there seen are to be accounted for in the following manner. At first, 
the introduction of the animal into a foreign medium has induced a secretory action, 
but this has soon become paralyzed, so that the fibre masses, &c., first formed are 
retained in the epider mis . The whole epidermis of such Eels is, too, actually on an 
average thicker than normal, while in Eels stimulated for long periods (faradization or 
life in pilocarpine bath), it becomes thinned. 

The club cells have not the normal appearance (fig, 31b), the material of the head 
having undergone change into a granular material instead of the ordinary more 
dearly defined fibre mass material. The club in this figure has developed to the full, 
yet it has never left the palisade layer. Fibroblasts too, are exceedingly rare, while 
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on the other hand, ordinary epidermic cells are found compactly set right down to 
the palisade cells. 

The skins certainly have the appearance of having been stimulated to secrete 
rapidly, but the process subsequently paralyzed. 

Conclusion. 

It is evident from the foregoing account that the secretory process in the skin of 
the Eel presents several points of peculiarity and interest. The demonstration of a 
secretion of threads from the club cells points to a similarity of function of these cells 
in such otherwise widely separate Fish as the Eel and Myxine. The process is 
certainly better developed in the latter animal, and it has, moreover, the advantage 
of special epidermic involutions devoted to manufacture and store of threads ; yet in 
both, the whole club cell is cast off and mainly in the form of threads. 

The fact that Petromyzon produces a thread secretion was to be expected, but had 
not been before clearly demonstrated, though the extrusion of the club cells was known. 

What relation, if any, these thread-producing epidermic cells in Eish have to those 
of larval Amphibia described by Levdig (10) and Eberth (11), it is not my place to 
speculate upon. As regards the function of these threads in the slime of the Eel, I 
have already stated my opinion that they are of value in causing the slime to adhere 
to objects with which it is brought in contact. In Myxine, however, I cannot but 
think that the cloud of thread-penetrated slime that the animal is capable of 
discharging, must be of service in aiding it to attack the far more powerful Fish that 
often become its host. 

The physiological process involved in the sudden development of a spiral fibre mass 
upon stimulation, leading to a veritable upheaval of the epidermis, presents a problem 
in cell mechanics, at present inscrutable, but of great interest, though the effect in 
giving the animal the power to loosen the surface of its skin explains the proverbial 
slipperiness* 

The connective-tissue network of the epidermis appears as a special arrangement 
for consolidating an otherwise extremely labile structure, and the observation that 
during excitation provision is made for a fresh supply of supporting cells by an inroad 
of fibroblasts would almost he expected from the nature of the case. 

In fine, the following conclusions may he summarized:— 

l* The secreting elements of the epidermis of the common Eel consist of goblet 
cells and club cells, both direct descendants of the cells of the palisade layer. The 
former supply a mucin, the latter threads and a material appearing as fine granules 
in the slime, 

2* The goblet cells contain mucin granules, and, after reaching the surface and dis¬ 
charging their load, are capable of undergoing regeneration, by growth of the proto¬ 
plasmic foot and re-formation of mucin* 
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3. The threads of the slime resemble those of Myxine ghitinosa, but are usually 
of finer texture. As in Myxine , they are developed from the club cells, but there 
are no special glandular involutions of the epidermis. The club cells of Petrorayzon 
fluviatilis also supply slime threads. 

4. The granular material of the slime is the contents of vesicular spaces developed 
in the club cells in the immediate neighbourhood of their nuclei, and is set free 
enclosed in a lattice work developed by vacuolation of the surrounding material and 
finally extruded, carrying with it the original nucleus of the club cell. 

5. The remainder of the club cell after extrusion of its vesicle and nucleus becomes 
a spirally coiled fibre, which finally breaks up into the fine fibrils of the slime. 

6. Severe stimulation, especially by the vapour of chloroform, applied to the intact 
animal, causes so sudden a development of the coiled fibres from the club cells that the 
surface of the epidermis is thrown off and the secretory products set free en masse. This 
process is of reflex nature, for similar excitation applied to excised skin is without effect. 

7. A system of connective tissue cells, distinct from chromatophores, exists in the 
epidermis developed from cells which are direct descendants of leucocytes, and which 
can be traced from the bloodvessels of the corium through the basement membrane of 
the epidermis. The number of these wandering cells in the epidermis is greatly 
increased by stimulation, probably with a view to providing subsequent support to 
the secretory elements during regeneration. 

Appendix. 

Histological Procedure. 

Isolation of Elements. —The difficulty of isolation of the fresh elements of the 
epidermis, on account of the viscous nature of the structure, compelled me to resort 
to maceration. Banvier’s “ third part ” alcohol was found to deform the elements 
less than any other dissociating liquid, and was used throughout. 

The skin was placed for 24 to 48 hours in this fluid, and then either shaken in 
water to separate the elements, or cover-glass preparations of the softened epidermis 
were made in the usual manner. In preparing the elements of the slime the cover- 
glass method was used, except in cases where the flocks of secreted matter rising 
from aD Eel in a bath were collected, in which cases the material was placed at once 
in yjy per cent, osmic acid solution, and, after a few days, teased in dilute glycerine. 
The dry cover-glass preparations were either stained directly with picro-carmine, Biondi 
stain, methylene blue, or soluble blue, or, if to be stained with thionin, first treated 
with corrosive sublimate. The macerated material not made into cover-glass pre¬ 
parations was either stained by irrigation in small teased masses on the slide, or 
stained in bulk, and subsequently teased in dilute glycerine. The action of digestive 
ferments was watched in the hanging drop in an Engelmann’s gas chamber placed 
upon a Schaebb’s warm stage kept at 37° C. 

MDCCCXCTV.—B. 2 V 
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Preparation of Material for Sections. 

The following fixing reagents have been used from time to time. Osmic vapom*. 
Flemming’s fluid. Perenyi’s fluid. Picric acid (saturated aqueous solution). 
Corrosive sublimate (saturated aqueous solution). Nitric acid, 10 per cent., for 
24 hours, followed by osmic acid, 1 per cent., for 24 hours. Equal parts of saturated 
aqueous corrosive su blim ate solution, and 1 per cent, chromic acid solution. Absolute 
alcohol cont ainin g 25 per cent, of glacial acetic acid. In all cases a graduated series of 
alcohols was subsequently employed. 

The best results were obtained with Flemming’s fluid and the nitric-osmic method, 
though the corrosive sublimate preparations were very reliable. 

Staining .—This was usually effected in bulk. A good nuclear saffranine from 
Grubler used in semi-alcoholic solution gave the finest results upon the material 
fixed in Flemming’s fluid and by nitric and osmic acids. Methylene blue was also 
valuable. The corrosive-hardened material was stained in bulk usually with Biondi 
stain or hsematoxylin. 

If staining was effected after cutting sections, saffranine, hsematoxylin, and soluble 
blue were used for the Flemming fixed material, or thionin after previous treatment of 
the sections with corrosive sublimate solution. I found the mucin reaction with 
thionin succeeded as well in the Flemming fixed material as in corrosive fixed 
epidermis, provided the former was first treated with corrosive sublimate, but, unfor¬ 
tunately, the specimens soon fade. Sections of material fixed with corrosive sub¬ 
limate were stained with thionin, picro-carmine, Biondi stain, or hsematoxylin. 

In all cases where it was necessary to hold parts together, or where the preservation 
of the condition of the surface was absolutely necessary (see, for instance, Photos 
B and D, Plate 33), the sections were cemented to the slide by floating on in 50 per 
cent, alcohol while still in paraffin, and subsequent drying at 35° C. 

The paraffin method, with xylol, has been used throughout for obtaining the 
sections. 


Bibliography. 

1. Leydig. “Ueber die Haut einiger Susswasserfische.” ‘ Zeitsch. f. wissensch. 

Zoologie,’ vol. 3,1851, p. 1. 

2, Komjker. “IJeber der Inhalt der Schleimsacke der Myxinoiden und die 

Epidermis der Neunaugen.' c Wurzburger naturwissensch. Zeitsch.,’ vol. 1, 
1860, pi. 

3* * Unters. liber die Eingeweide der Fische/ Berlin, 1845, p. 11. 

4» Max ScRTjltze. “Die kolbenformigen Gebilde in der Haut von Petrovnyzon 



SECRETION IN THE SKIN OE THE COMMON EEL. 347 

und ihr Verhaiten im polarisirten Lichte.” Beichert u. du Bois-Beymond’s 
* Archiv/ 1861, pp. 228-247, and pp. 281-303. 

5. H. Muller. “ Bemerkungen liber die Epidermis von Petromymn .” ‘Wtirz- 

burger naturwissenscb. Zeitsch,/ vol. 1, 1864, p. 43. 

6. F. E. Schulze. “Epitbel- und Driisen-Zellen.” 'Arch. f. mik. Anat./ yoI. 3, 

1867, p. 137. 

7. P. Langerhans. ‘ Unters. liber Petromyzon planeri’ Freiburg, 1873, pp. 14-23. 

8. A. Fcettinger. “ Bechercbes snr la structure de l’4piderme des Cyclostomes,” &c. 

‘Bulletin de l’Acad^mie royale de Belgique,’ 2 me s^rie, vol. 41, 1876, p. 599. 

9. List, (i.) “ Ueber einzellige Driisen (Becherzellen) in der Oberbautyon Torpedo 

marmorata.” ‘Zoolog. Anzeiger/ Jabrg. 8, 1885, p. 388. 

(ii.) “Ueber den Bau, die Sekretion, und den Untergang von Driisen- 
zellen.” ‘Biolog. Centralblatt,’ 1885-86, p. 698. 

(iii.) “Ueber Becberzellen.” ‘ Arcb. f. mik. Anat./ vol. 27, 1886, p. 481. 

10. Leydig. ‘Hautdecke u. Hautsinnesorgane der Fiscbe.’ Halle, 1879. 

11. Eberth. “Zur Entwicklung der Gewebe im Scbwanze der Froscblarven.” 

‘Arcb. f. mik. Anat./ vol. 2, 1866, p. 499. 

12. Fritsch. ‘Die Electriscben Fiscbe.’ Erste Abtbeil., “ Malapterums” 1887. 

Cap. Y., “ Die aussere Haut,” p. 38. 

13. List. “ Studien an Epitbelien. 1. Ueber Wanderzellen im Epitbel.” ‘Arcb. f. 

mik. Anat./ vol. 25, 1885, p. 264. 

14. Stohr. “Ueber Mandeln u. Balgdriisen.” Yeelchow’s ‘ Arcbiv/ vol. 97, 1884. 

15. Pogojeff. “Ueber die Haut des Neunauges.” ‘Arcb, f. mik. Anat./ vol. 34, 

1889, p. 106. 

16. Blomfxeld. “Tbe Thread-cells and Epidermis of MyxineP ‘Quart. Joum. 

Microsc. Science/ vol. 22, 1882, p. 355. 

17. Eisig. ‘Fauna u. Flora des Golfes von Neap el.’ XYT. Monograpbie, “Die 

Capitelliden,” vol. 1. 

18. Mobius. “Ueber die Eigenscbaffcen u. den Ursprung der Scbleimfaden des 

Seesticblingsnestes.” ‘Arch. £ mik, Anat./ vol. 25, 1885, p. 554. 

19. Hoyer. , “ Ueber den Nachweis des Mucins in Geweben mittelst der Farbe- 

metbode.” ‘Arch. f. mik, Anat./ vol. 36, 1890, p. 310. 

20. Hetdenhain. “ Beitrage z. Histologie u. Pbysiologie d. Dunndarmscbleimhaut.” 

Pfltjger’s 1 Arcbiv/ vol. 43, 1888. Supplementhefb. 

21. Paneth. “Ueber die secernirenden Zellen des Dunndarmepithels.” ‘Arcb. f. 

mik. Anat./ vol. 31, 1888, p. 113. 

22. Leydig. ‘ Anatomisch-histologiscbe Unters. liber Fiscbe u. Beptilien/ Berlin, 

1853, p. 107. 

23. Langerhans. “ Ueber die Haut der Larve von Salamandra maculosaP ‘ Arcb. 

£, mik, Anat./ vol. 9, 1873, p. 745. 

2y2 



348 


PROFESSOR E. W. REID ON THE PROCESS OF 


24. Flemming. “ Beitrage zur Kentniss der Zelle u. ihrer Lebenserschemungen.” 

* Arch. f. mik. Anat./ vol. 14, 1879, p. 316. 

25. Pfitzner. “Die Epidermis der Amphibien.” ‘ Morphologisches Jahrbucb/ 

vol. 6, 1880, p. 469. 

26. CarrlIlre. . “ Die postembryonale Entwicklung der Epidermis des Siredon pisci- 

formis ” ‘Arch. f. mik. Anat./ vol. 24, 1885, p. 19. 

27. Paulickt. “ Ueber die Haut des Axolotls.” ‘ Ajrcb. f. mik. Anat. / vol. 24, 1885, 

p. 120. 

28. Leydig. ‘Zelle u. Gewebe/ Bonn, 1885, p. 89. 

29. Leydig. ‘Lebrbuch der Histologic/ 1857, pp. 99 and 120. 

30. Leydig. “ Die Hautdecke u. Sebale der Gastropoden,” &c. ‘ Arch. f. Natur- 

geschichte/ 1876, p. 208. 

31. Zimmermann. “Ueber die Theilung der Pigmentzellen, spec!ell der verastelten 

intraepithelialen.” ‘Arch. f. mik. Anat./ vol. 36, 1890, p. 404. 

32. Waymouth Beid. “Mucin Granules of Myxine” ‘Journal of Physiology/ 

vol. 14, p. 340. 

33. Lhjeneeld und Monti. “ Ueber die mikro-chemische Localisation des Phosphors 

in den Geweben.” ‘ Zeitsch. f. Physiologische Chemie/ vol. 17, p. 410. 

34. Waymotjth Beid. “ The Electromotive Properties of the Skin of the Common 

Eel. ‘ PhiL Trans./ vol. 184 (1893),,B., pp. 335-365. 

35. Hardy. “On the Enaction of certain Cell-Granules with Metbylene-Blue.” 

1 Proc. Cambridge Phil. Soc./ voL 7, part 5, 1891, p. 258. 

36. Adcock. “ The Digestive Processes of Ammocoetes,” * Proc. Cambridge Phil. 

Soc./vol. 7, part 5, 1891, p. 252. 

37. Waymotjth Beid. “ Chemical Bote on the Secretion of Myxine glutinosa.” 

‘Journal of Physiology/ vol. 15, p. 488. 

Description of Plates 30-33. 

Zeiss* apochromatic objectives and oculars have been used throughout, and the 
drawings have, without exception, been executed with the Abbe camera lucida. The 
photographs in Plate 33 were taken with the same system of objectives supplied 
with projection oculars, the source of light being a 3000-candle power arc lamp. 
My thanks are due to Professor Claxton Filler, of the Engineering Department* of 
University College, Dundee, for his kindness in supplying me with current for the 
lamp. 

PLATE’ 30. 

Fig. L X 600. From a “ cover-glass preparation” of the slime of a “ normal” Eel, 
■ stained with picro-cannine* The characteristic yellow reaction of the 
threads of the slime is shown, also relative size of extruded nuclei and 
granules. An extruded goblet cell is present on the left. 
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Fig. 2. X 600. Origin of club cells from palisade cells. Flemming’s fluid and 
saffranine; a, b, c, and f sbow the method of origin by lateral division 
of the palisade cell at right angles to its longer axis. The darkening of 
the apex of the young club cell by the Flemming’s fluid is visible in all 
cases. 

Fig. 3. X 600. Stage in development of club cells previous to the formation of the 
vesicle. Fixing and staining as in fig. 2. Note the granular matter 
densely stained with the saffranine, in the region of the nucleus. 

Fig. 4a and b. X 600. Two stages in the development of the slime fibres from the 
“ fibre-masses” of the club cells. From a “ cover-glass” preparation of an 
epidermis stimulated by chloroform vapour. Banvtee’s alcohol and picro- 
carmine. The same yellow reaction is evident as in the formed fibres of 
the slime (fig. 1) in both cases, and in h the breaking up into the finest 
fibres is seen. 

Fig. 5. X 600. Developed “fibre-masses” in process of extrusion. From a winter Eel 
that had struggled during killing. Flemming’s fluid and saffranine. Note 
the dark coloration of the fully-formed “ fibre-mass,” and compare with 
that of the apices of the club cells still possessing a vesicle. Also, the 
absence of saffranine staining of the contents of the club vesicle should 
be contrasted with the marked coloration of the contents of the goblet 
cells. Note also a considerable number of fibroblasts in the lower layers, 
many of which exhibit mitotic figures. 

Fig. 6a, b y and c. X 600. Similarity in staining reaction of the contents of the club 
vesicle at early and later stages with that of the “escape mass.” Winter 
Eel, Flemming’s fluid and soluble blue. The contents of the fully 
developed vesicle and “ escape mass ” are distinctly granular, that of the 
young vesicle is homogeneous. 

Fig. 7. X 600. Division of palisade cells. Flemming’s fluid and saffranine. The 
upper examples are from sections parallel to the surface of the skin, the 
lower are cut at right angles to the surface. In the upper note the 
lateral bulging, staining yellowish-brown, and indicative of the commence¬ 
ment of differentiation of the club cell body material. In the lower, the 
deeper staining of the apices of the conical palisade cells is noticeable. 
No mitotic figures are to be seen. 

Fig. 8. X 600. Medium stage in the development of a club cell and a goblet cell 
Flemming’s fluid and saffranine. In the vesicle of the club cell, note a 
curved line, separating a denser lower part from a less dense upper part. 
This line passes upwards, as development proceeds, and probably marks 
the edge of the membrane of the “ escape cell,” which is becoming differen¬ 
tiated from the wall of the club. Note the “foot” and marked,nucleolus 
of the goblet cell, its granular contents, and.difference in staining reaction 
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to those of the club vesicle. The dividing palisade cell immediately below 
the goblet cell is giving rise to an ordinary epidermic cell. 

Fig. 9a and b. X 600. Origin of goblet cells from palisade cells. Flemming s fluid 
and safiranine. 

9a. The transformation of some of the protoplasm of the young goblet 
cell into a safiranine staining mucigen, even before the new cell has parted 
from its mother, is seen in 1, 2, and 4, and should be contrasted with the 
early stages and staining reactions of the young club cells in fig. 2. 2 is 

a case of origin by lateral division; 1 and 4, by transverse division of the 
palisade cell, though in the latter case the two nuclei of the palisade cell 
show that a lateral division will take place shortly. 3 shows how early 
the characteristic shape is attained in many cases. 

9b. 6 shows that the characteristic shape may be developed even before 
separation from the parent, and also (as, too, in 8) the great length to 
which the outwardly directed process' of the palisade cell may reach. In 
7, a goblet cell is being thrust upwards by an ordinary epidermic cell 
with characteristic elongated nucleus. 

Fig. L0. X 600. .Regenerating goblet cell (re-formation of mucigen). Flemming’s 
fluid. Thionin, after treatment with corrosive sublimate. Winter Eel. 
Note the characteristic mucin reaction with thionin in the protoplasm of 
this cell, and contrast with the ordinary blue colour of thionin taken by 
the nucleus of this cell and those of the surrounding epidermic cells. A 
wandering pigment cell is also to be seen. 

Fig. 11. X 600. Goblet cells in earlier stages of regeneration than that in fig. 10. 

Preparation as in case of fig. 10. The cell on the left consists of the 
protoplasmic “foot” alone, containing granules staining black with osmic 
acid. The theca, with its load of mucigen, has disappeared, but no new 
supply has been yet formed, as in fig. 10. The two cells on the right 
indicate stages in the growth of the protoplasm of the “foot,” in cases 
where the first load of mucigen has not been completely discharged. The 
darkened granules are again seen here; they are never seen in the “foot ” 
of ripe cells (cf. fig. 12a). The nucleolus is, as a rule, absent in the 
regenerating cells. 

Fig. 12. X 600. Pipe, discharging, and regenerating (earliest stages) goblet cells. 

Flebodng’s fluid, a is stained with methylene blue; b } c, and d witbr 
hmmatozylin. In b mid c, which are discharging, the stoma of the theca 
and the projecting “pfropf” of mucus are seen, a is a cell ripe for dis¬ 
charge, the theca still being intact, d is an intermediate stage in regene¬ 
ration between the cells on the extreme right and left of fig. 11. 

Frg-13. X 4*35. Section of winter Eel killed “ instantaneously,” and in lowest phase 
of secretory activity. Flemming’s fluid. Thionin, after treatment with 
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corrosive sublimate. Note the reddish-violet reaction of the contents of 
the goblet cells, and compare with the absence of staining of the contents 
of the club vesicles and the blue colour of the nuclei throughout A 
“ fibre mass,” tending to be spiral, is seen on the left, and a point of 
escape, lined by a few fibrils, is seen above. A thick layer (7 or 8 cells) 
of superficial epidermic cells is present. 

PLATE 31. 

Pig. 14. X 600. Convoluted fibre, discharged by an Eel placed in a bath of pilo¬ 
carpine solution. T^-per cent, osmic. Dilute glycerine. 

Fig. 15a and b. X 600. Club cells with dividing nuclei. Winter Eel. Ranvjer’s 
“third part” alcohol. Carmine. Dilute glycerine. Note the lattice 
work in the wall of the vesicle and the “prickles” upon the outer surface 
of the body of the cell. 

Fig. 16a and b. X 600. Club cells with two vesicles, each holding a nucleus. Pre¬ 
paration as in fig. 15. In a, note the granular core passing down the 
stalk from the vesicle. 

Fig. 17a, b, and c. Extrusion of the “escape cell” from the club, a and c, X 435. 

b } X 600. Preparation as in fig. 15. The lattice work in the wall of the 
“escape cell” is especially clear in b. In c } the presence of a second 
nucleus indicates the possibility of formation of a second “ escape cell.” 

Fig. 18a and b. Development of a coiled “fibre mass” without the formation of a 
definite “escape cell.” (The remainder of the vesicle is in such cases 
referred to as an “escape mass” in the text.) a, X 435. b, X 600. 
Preparation as in fig. 15. 

Fig. 19a and b. Secondary vacuolation of “fibre mass.” a, X 435. b, X 600. 

Preparation as in fig. 15. Note granularity in secondary vacuolation 
spaces in a, similar to that occurring in the stalk in figs, 15,16, and 17. 

Fig. 20a, b } c, and d. X 600. Stages in the vacuolation of the dub body material, 
leading up to the freeing of the “fibre mass.” Preparation as in fig. 15. 
The vacuolation and formation of a lattice work, filled with granular 
matter, is seen commencing in a, and further developed in K In c, this 
granular material has become freed in the process of maceration, so that 
the trellis of the residual unaltered club head material is very distinct, 
In d, the “fibre mass” is free. The “prickles” noticeable in figs. 15,16, 

5 ‘ 17, and 18 are retained upon the lower end of the developed “fibre mass." 

Fig 21a and b. X 600. Large isolated “ escape cells.” Preparation as in fig. 15. 

In this form, the greater part of the club body material is converted into 
granular material, and the “fibre mass” remains attached as a convoluted 
coarse filament. 
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Fig. 22a, b, and c. X 600. Isolated “ escape cells.” Preparation as in fig. 15. In a 
some of the trellis produced in the vacuolation of the club head is still 
adherent; b hap no thi ck wall of club head material, and is an interme¬ 
diate form between an ** escape cell ” and “ escape mass.” In c the thick 
wall is complete only on one side. 

Fig. 23a, 6, c, cZ, e, /, and g. X 600. Preparation as in fig. 15. These figures show the 
great variation in size and structure of “ escape cells” met with in teased 
preparations; a and b show the possibility of division of the nucleus; 
b , c, and d show the nucleus in process of extrusion; e and g show how 
extremely small these cells may be in comparison with such forms as 
fig. 21a and b ; / (as also in fig. 22a) shows a stout strand of club body 
material that has been ruptured in the process of “ shelling out” of the 
cell. In all, the outer surface is seen to be beset with spines of the 
original lattice work—a fact also frequently clear in sections c, f, fig. 6c, 
Plate 30. 

N.B.—All the figures upon this Plate, with the single exception of 
fig. 14, are from one winter Eel, killed “instantaneously.” 

PLATE 32. 

Fig, 24. X 600, Pigment cells of the epidermis, from a section hardened in Flem¬ 
ming’s fluid. 

Fig. 25, X 600. Fibroblasts, isolated by Ranvier’s alcohol. Carmine. Glycerine. 

In passing from left to right, all stages, from the simple lymphocyte-like 
cell to the small connective tissue cell with long fine processes, are to be 
observed. 

Fig. 26. X 600. Ordinary epidermic cells, from various levels. Preparation as in 
fig. 25, a, b , c, and l, with elongated nuclei, are from the lower layers; 
d and e, from a higher level; h and i, from near the surface; f g,j, and 
h are dividing cells from near the surface, but lack mitotic figures in 
their nuclei It will be noted that the more superficial cells present 
“ prickles.” 

Fig, 27. X 600. Isolated goblet cell. Preparation as in fig. 25. The plicated wall 
- of the empty theca and the marked nucleolus of the nucleus are to be 
noted. 

Fig. 28. X 600. ■ Formation of the vesicle of the club cells. From sections of mate¬ 
rial hardened in Flemming’s fluid, and stained with saflranine. This 
' condition is presented in the stage following that depicted in fig. 3, 
Plate 30, The intimate relation of the vesicle to the nucleus is to he noted, 
as also the granular transformation of the club body material which pre¬ 
cedes the enlargement of the vesicle. The vesicle may start on the outer 
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side of the nucleus a , f g, and i, with granularity only at the opposite 
pole, or vice versd , h and h ; on the other hand, it is possible for it to arise 
simultaneously upon both sides, b, c, cl, and e. 

Fig. 29. X 435. An escaping “fibre mass, 53 lifting surface cells. From a winter Eel 
that had struggled during capture. Flemming’s fluid and safiranine. 

Fig. 30. X 435. An “ escape cell ” and related “ fibre mass ” in situ , in a section. 
Same Eel and preparation as fig. 29. 

Fig. 31a and b. a, X 160. b, X 600. Appearances in the epidermis of an Eel that 
had lived two days in a solution of atropine. Flemming’s fluid and 
safiranine. In a , “ fibre masses ” and “ escape masses ” are seen to exist 
at all levels of the epidermis, and a peculiar granularity is noticeable round 
about the upper ends of the “fibre masses.” The general appearance of 
the section is suggestive of an initial secretory activity, which has been sub¬ 
sequently brought to a close by the paralyzing action of the drug, b shows 
the appearance of a club cell still in contact with the palisade layer, 
which, though developed to the full, has never left its position of origin. 
A developed fibroblast with long processes is seen ensheathing this club, at 
the upper part of the figure. 

Fig. 32. X 435. Section of outer edge of lip. Picric acid and hsematoxylin. Note 
the absence of club cells, presence of a goblet cell, and one of the well- 
known sense organs. 

Fig. 33. X 600. Point of escape of a “ fibre mass.” From a winter Eel. Flemming’s 
fluid and thionin. 

Fig. 34. X 600. Diapedesis. From central vessels of pectoral tin. Picric acid and 
hsematoxylin. These extravasated cells are quite indistinguishable from 
the young fibroblasts found in the lower layers of the epidermis. 

Figs. 35 and 36. X 435. Fig. 35 is a section .of skin subjected to the action of 
chloroform vapour after removal . Fig. 36 is from the skin of an Eel 
simply decapitated and then exposed to the vapour. Both were fixed 
with corrosive sublimate and stained with hsematoxylin. In fig. 35, most 
of the club cells are in the earlier stage, with closed vesicle. In fig. 36, 
only curled “ fibre masses ” are found, with some granular debris around 
them. There is also to be noted, in fig. 36, a relative increase in the 
quantity of goblet cells and fibroblasts in the lower layers. Of. also 
Photos B and C, Plate 33. 

PLATE 33. 

The prints on this Plate are Collotypes , direct from untouched negatives. 

Photo A. X 320. Epidermis of a “normal” winter Eel. F lemm ing’s fluid and 
safiranine. Note below the club cells, with closed vesicles, and the 
MDCOCXCIV,—B. 2 z 
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conical palisade cells; above, the free “escape masses.” This" print 
represents the appearances of the lowest phase of secretory action. 

Photo B. X 175. Later stages of stimulation by chloroform vapour. Nitric and 
osmic acid. Saflr anin e. Note the “eruption” of fibre masses (darkly 
stained) causing considerable disruption of the layers of the epidermis. 
Above is seen a compact mass of small cells (ofx), which are, probably, 
extruded fibroblasts. A pad of coagulated mucus, containing a few 
epidermic cells, separates this mass of small cells from the parts below. 
This print should be contrasted with the appearance of the resting skin 
seen in Photo A. 

Photo C. X 300. Early stages of stimulation by chloroform vapour. Compare 
with Photo B. Nitric and osmic acids. Saflranine. A good example of 
a coiled fibre mass is seen on the right. 

Photo D. X 175. Epidermis of a summer Eel faradised for an hour. Flemming’s 
fluid and saflranine. The superficial epidermic cells are absent, and the 
surface consists of a mass of extruded fibre masses and club cells. An 
escaping club cell is evident upon the left. Note the large number of 
fibroblasts in the lower layers. 

Photo E. X 900. Passage of fibroblasts from the cerium into the epidermis. 

Picric acid and hsematoxylin. Fibroblasts can be seen upon the corium 
side of the basement membrane, one is fixed as it passes through, another 
between two palisade cells, and others lie free in the epidermis. Jn two 
of these latter a protoplasmic process is evident upon one side of the cell. 
Note the relative sizes of the nuclei of the palisade, cells and the 
fibroblasts. 

Photo F. X 450. Connective tissue network in the epidermis. Section parallel to 
the surface of the skin about midway between surface and basement 
membrane. Picric acid and saflranine. The bodies of the club cells 
have shrunk in preparation,, and so allow the branching cells to be easily 
visible* 


















[ 355 ] 


IX. On the Constitution and Mode of Formation of “ Food Vacuoles ” in Infusoria, 
as illustrated by the. History of the Processes of Digestion in Carchesium 
polypinum. 

By M. Greenwood, Lecturer of Girton and Newnham Colleges, Cambridge . 

Communicated by J. N. Langley, F.RS. 

Received October 28,—Read December 14, 1893. 

Revised February 8, 1894. 

[Plate 34.] 

In the course of some unpublished experiments on the r61e of acid in protozoan diges¬ 
tion, I had occasion to use coagulated white of egg as a food for certain colonial 
Yorticellidse. This substance, diluted with water before coagulation, and therefore 
given to the animals as a finely granular precipitate, is usually found.after enclosure 
in the form of smooth oval or spherical masses (Plate 34, fig. 2, C.s.), which are widely 
different both in refractive characters and in size, from the minute irregular particles 
offered for ingestion. So striking is the contrast, and so constant is its occurrence 
with this form of food, that I attempted to watch the process by which the spherical 
ingesta are shaped: in this attempt I was struck by the clearness with which some 
characteristic features of the process are demonstrable in Carchesium, and realized 
that the very act, with the performance of which I was especially concerned, was appa¬ 
rently bound up with the operation of a mechanism undescribed in existing descrip¬ 
tions of digestion in the Protozoa. This led me to record, in the paper which follows, 
the result of sequent observation of the phenomena of ingestion, digestion, and ejec¬ 
tion in Carchesium; for, while the intracellular solution of food is as truly without 
the cell substance as in the case of Amoeba ; while, indeed, there is no fundamental 
fact established for the digestion of that animal which does not find a parallel here, 
—the digestive cycle is shortened, unfamiliar details of the process are striking, and 
even the more familiar events occur with a dramatic vividness which makes them 
almost strange. 


The animals I watched ( Carchesium and Epistylis) were kept in hanging drops of 
water, and were thus under no unusual pressure. Various solutions and suspended 

2 35 2 9.6.94 
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particles were added at different times to the water of these hanging drops, and, in 
order to ex am ine the results of the addition of each substance, I used, as a rule, 
Oc. 3, Obj. F. (Zeiss) or Oc. 3, Obj. ta" oil immersion (Zeiss or Leitz), working 
sometimes by daylight, sometimes by artificial light. The focal length of these objec¬ 
tives does not allow the examination of animals in any great depth of encircling 
fluid; but such signs of lesion as extreme convexity of the peristome, the develop¬ 
ment of an enormous contractile vacuole, definition of the outline of the nucleus, are so 
prompt in their appearance in these Vorticellidse, and so unmistakable, that it is 
possible, by the use of recurrent immersions in abundant water, to watch the same 
colony for many successive days. 

Carchesium polypinum grows in pedicellate clusters of varying size; the dis¬ 
advantage which (from an observer’s point of view) attends the marked contractility 
of the stalks of a healthy colony is compensated by the comparatively large size of 
the polypes, and the transparency of their cell substance. Yarious species of 
Epistylis , more manageable because they are mounted upon relatively rigid pedicels, 
are often too opaque for accurate study. 

An y interest which the food of Carchesium may have, centres almost exclusively 
round the events which mark its actual progress through the cell substance of the 
animal; it is hardly to the point, then, to discuss here the varying and somewhat 
fanciful terminology which former writers have applied to the funnel-shaped oral tube 
which collects and guides matter before its ingestion. It seems needful to say, 
however, that two points have formed the subject of much discussion * the first is 
the position of the mouth, the second is the internal continuation of the oral tube. 
In fig. 9 I have duplicated the diagrammatic representation of the isolated “ digestive 
canal ” in Epistylis Jlamcans given by Greet,* in order to bring out, by corresponding 
letters, the differences in nomenclature which part him from some preceding writers. 
According to Greef, the external opening of this canal may be termed the mouth; 
a slightly sinuous pharynx follows, spacious at first but narrowing considerably in its 
course, and a small dilated sac, the oesophagus, ends this internally. Since waste 
matters are ejected constantly from a ridge which lies between the middle and outer 
thirds of this pharyngeal tube, it is clear that the entrance of food and the exit of 
debris take place for a certain distance through a common passage. It may be on 
this ground that some writers, notably Olapar^de and Lachmann,! place the mouth 
internally of the anal ridge (cf. fig. 9), and give the name of vestibule to the outer 
one-third of the pharywx of Greef, The tube as it narrows internally is, according 
to them, the oesophagus , and the terminal dilated sac the pharynx. In this paper I 
adopt the terminology of Greef, which at least follows the sequence of regions 
in a true alimentary canal; his theory that a collapsible tube curves for some 
distance from the oesophagus into the substance of the animal, I cannot support, 

, '' / * & Gbw, AroMv l Naiargesch. (Wiegmaitn), voL 37,1871. 
t et liACHMAXx. Itltudes siuf les Infasolres. 
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from observations made on Cavchesium. It may be possible that there is structural 
difference between the genera (I have said that the statements of Greef refer to 
Epistylis Jlavicans), for different specimens of Carchesium do seem to show slight 
variations in the extent of the pharynx; but the existence of anything like a 
permanent, fax-reaching tube is disproved, I think, by evidence which can be brought 
forward more suitably later. As a rule, the pharyngeal tube (fig. 5) placed 
somewhat obliquely, ends about midway to the basal attachment of the polype; it is 
ciliated throughout and separated from the oval oesophagus by a slight annular 
constriction. Into the oesophageal sac, all ingesta are whipped by ciliary action, 
and they start from its most internal point on their intracellular career as constituents 
of the vacuole of ingestion. It is this career which I propose to trace, grouping its 
minor details in sequence about such as are more important, and postponing any 
discussion of their significance until the tale is told. And it may be well to preface 
the whole description with a brief account of those events in the gullet which are 
immediately antecedent to ingestion. 

Extracellular Phenomena. 

The ingestion of particles by Cavchesium is in a certain sense selective, but the 
selection depends in no way on the nature of the particles, but only on their size. 
According to Greer, # the stream of solid granules which may enter the mouth of 
Epistylis Jlavicans is so directed by two delicate valvular membranes that some of its 
constituents gain the internal parts of the pharyngeal tube, while some are discharged 
at once to the exterior. These membranes are figured as occurring at that knee-like 
bend which characterizes the pharynx in Epistylis , and it is quite possible that in 
Carchesium , where the immediate rejection of most particles primarily swept into 
the mouth is clear enough sometimes, the directing action becomes almost that of a 
strainer. I have followed the ingestion of a compact solid, measuring 6/x by 3fc, but, 
any fragment of enclosed matter which is larger than this, exceeds it in one diameter 
only, or is one of such loose flocculi as make up a freshly fallen precipitate of alizarin 
sulphate. Among ingesta which are linear and relatively long, we must count some 
bacterial filaments and the acicular crystals which alizarin sulphate forms with lime 
in water. In the great majority of cases, when the polype deals with these ingesta, 
short rods gather in the gullet and help to form the vacuole of ingestion ; I think it 
reasonable to suppose, therefore, that the oral and pharyngeal cilia have some power 
of breaking up these slender threads, in addition to the selective action by virtue of 
which they hinder the entrance of particles which exceed a certain size. In some 
rare cases one can watch the enclosure of a bacterial filament (equal in length, 
perhaps, to the polype which encloses it) without any preliminary fragmentation. 
The act is carried out by the protoplasm of the animal, independently, it may be, of 

* R. Geeef, loo. cit. 



358 


MISS M. GREENWOOD ON THE CONSTITUTION AND MODE 


any immediate secretion of fluid; and the end of the bacterium first enclosed is 
coiled upon itself, sometimes even while the free posterior end, which helps eventually 
to thicken the coil, lies freely in the pharynx. The process is relatively slow, and 
occurs so rarely that there is some temptation to regard it as a distortion of normal 
ingestion; there seems little room for doubt, at least, that the most acceptable 
particles are very minute,—Indian ink suspended in water, the smaller fatty globules 
of milk, carmine, also finely divided, and the coagulation precipitate from diluted 
white of egg to which I have referred above. 

While, however,'it is clear, from these facts, that the ingesta of Carchesium are 
made up of particles which vary considerably in size, the connection between this 
variation and the fashion of their preliminary accumulation in the gullet is less 
evident. The lowest pharyngeal cilia, acting downwards from the annulus which 
I have described, beat the solid matter within their reach into the most internal 
extremity and then into the body of the oesophageal sac (which may dilate consider¬ 
ably, fig. 5, mg.). But the admixture of water, pr rather the medium in which the 
animal is living, is the feature which varies in prominence with some apparent eccen¬ 
tricity. On the whole, irregular particles, and especially nutritious particles, lie in a 
very fluid vacuole of ingestion. Exceptions to both these statements occur, however; 
thus, minute bacteria have sometimes but scanty fluid surroundings, and the grains 
of Indian ink may be gathered so closely that the accompanying fluid is hardly 
appreciable, or may, on the contrary, lie in a vacuole so well marked that Brownian 
movement is obvious. 

Intracellular Phenomena. 

The Successive Phases of an Act of Digestion. 

The preliminary accumulation of particles or building up of the vacuole of ingestion 
just detailed is a process which lasts through 25 to 40 seconds .in an active animal, and 
may be drawn out to minutes in lethargic forms ; but it is by a relatively sudden dis¬ 
charge from the extreme end of the oesophagus that the vacuole or its anterior half* is 
intruded into the neighbouring protoplasm The vacuole is sometimes spindle-shaped, 
sometimes almost spherical, or it may have any form intermediate between these two 
extremes (fig. 5k. and fig. 7) ; the spindle-shape is probably to he associated with general 
functional depression; other modifications in form appear to depend on the size of the 
particles enclosed. The most common shape (fig. 2 b) (broadly elliptical, with acutely 
drawn anterior and posterior ends), is associated with the most minute ingesta, while 
larger ingesta (fig. 7,5) seem to force a wider temporary rupture in the protoplasm 
into which they enter. When ingestion is complete, the vacuole does not pause, but 

„ * -hi speaking of vacuoles which hare been watched from the moment of enclosure, I use the terms 
gosteh&r to indicate respectively that end of the vacuole which was first in progression, and 
that end which was enclosed last. - - 
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performs what I may, perhaps, call a movement of progression; that is to say, it 
passes with a steady, gliding motion towards the basal attachment of the polype. 
This progression never carries the vacuole beyond the concavity of the band-like 
nucleus (which body, indeed, seems to define the path of ingesta in the basal region 
of Carchesium), and, dying away, it gives place to a phase of quiescence which is 
generally well marked. The vacuole pauses after turning through one or even through 
two right angles; it pauses, that is to say, with its long axis at right angles to, or 
parallel with, the long axis of the polype (figs. 2 and 5). 

Up to this point it cannot be said that simple inspection reveals any constant 
change in the vacuolar contents. Solid particles^ when they are minute enough to 
be present in numbers, are distributed uniformly in the medium which holds them; 
small Infusoria, if by chance they are enclosed, are active. And although, in some 
cases, movement at and near the centre of the vacuole ceases, or becomes, at least, less 
readily appreciable, yet more frequently Brownian movements, or the wider excursions 
of motile bacteria are obvious still. When, however, the phase of quiescence has 
persisted for some seconds (in healthy specimens), there is a striking rearrangement of 
the contents of the vacuole; the change is of such a nature that the solid particles 
lying scattered until this moment are gathered centripetally, and clear fluid passing 
centrifugally from among them surrounds the central composite mass. To this phe¬ 
nomenon I propose to apply the term aggregation * since its salient feature is the 
approximation of particles which were separate initially; it is so striking upon 
occasion, and at the same time so far modified by the nature and disposition of the 
ingesta, that the following somewhat detailed description seems justified. 

Case 1 . — The aggregation is single; one central mass represents the scattered 
granules of the preceding stages. 

The large majority of the ingesta of Carchesium illustrate this form of aggregation; 
at the same time they vary so much among themselves in size, shape, and density, 
that unity of type in the action is sometimes obscured by secondary modifications. 
I will choose certain ingesta which seem especially fitted to illustrate this association 
of fundamental likeness with superficial difference, and will linger a little time to 
consider the fate of each. 

Finely divided Coagulated Proteid, 

Carchesium 3 fed with the coagulation precipitate separated from the diluted white 

* It is with some reluctance that, in applying the term aggregation to this phenomenon, I nse a word' 
to which Dabwix has given a different and definite technical meaning in his work on Insectivorous Flants; 
No other word, however, describes with equal accuracy the striking rearrangement of solid particles 
which takes place so suddenly in a vacuole of ingestion, and, by the light of later work on the secretory 
activity of plant cells, the description of change in the cells of the tentacles of Drosera, given with such 
faithfulness by Dabwix, mnst be considered, on the whole, as of classical rather than immediate interest. 
Partly on these grounds, and partly in deference to clearer judgment than my own, I have spoken of the 
centripetal clustering of ingested particles as “ aggregation ” throughont the pages which follow. 
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of fresh eggs, may be regarded as ingesting minute, irregular particles of nutritious 
matter suspended in water, or rather, in a very dilute solution of salts ; some soluble 
organic matter is probably present too, when the colony is living in an impure medium; 
In this case the -fluidity of the vacuole of ingestion is generally well marked, the faint 
pink tint, familiar to histologists as belonging to thin protoplasmic films which are 
separated by fluid, is distinct during the phases of progression and quiescence, and 
the dancing particles of pi’oteid are distributed uniformly. But when the phase of 
quiescence is over, their movements cease; those which lie peripherally leave the 
boundaries of the vacuole, and, with a general and relatively rapid centripetal motion, 
the central coherent mass is formed. Nor is this union temporary; the individuality 
of the granules is gone for ever, and time and further change only tend to perfect 
the apparent homogeneity of the composite solid. 

This process is seen most satisfactorily with high powers of the microscope,* and 
the absolute displacement of each solid particle is of course exceedingly small. I 
find that in no recorded case have I estimated the distance traversed in aggregation 
as greater than 6*2 p, and so marked an excursion as this is rare. The phenomenon 
is very striking, however; and, I may add, the difficulty of offering a really satisfactory 
explanation is great; close observation, if it does not surmount this difficulty, allows 
one to add the following details to a general preliminary statement. 

1. The aggregation is almost invariably excentric; I have mentioned that the 
vacuole of ingestion may turn through one, or even through two right angles before 
the movement of progression dies away; clearly then, its most anterior point may 
pause at any spot along the circumference of a semicircle arching upwards from 
the concavity of the nucleus (fig. 1, 2a). Yet, however marked the preliminary 
shifting, it is from the anterior end that the greatest centripetal movement takes 
place; the mass of gathered granules settles towards that region of the vacuole which 
entered last from the oesophagus, though even here there is fluid separating it from 
the surrounding protoplasm. 

2. The aggregation often begins at one point—not necessarily the most anterior,— 
hut runs round the vacuole so rapidly, that it is only just possible to pronounce the 
displacement of particles lying along different radii of the vacuole not simultaneous, 
but successive. And in certain cases the synchronism is perfect, and gives the 
impression that a force is at work which gathers up all outlying particles, fusing 
them or establishing a substantial link between them' in such fashion that the 
retreating border of solid matter is not shadowy, but highly refractive and sharp, 
showing well against the encircling rim of dear fluid (fig. 3k). 

The first and most striking aggregation cannot be regarded as ending for ever 
all movement of the solid matter involved in it. In the fir st place, the freshly- 
fened composite proteid ma m is not always homogeneous. It is, indeed, a mass and 

* - ri • ri: . * Zeiss, Oc. 3, Obj. F. Esisz, Ob 3 \ & am. 



OF FORMATION OF FOOD VACUOLES IN INFUSORIA. 


361 


not a shell of gathered particles, still, there is sometimes localized admixture of fluid; 
little rifts, pinkish in tint, hint that tiny drops of fluid have been imprisoned by the 
first coming together of the irregular particles of proteid. In the second place, 
actual measurement shows that for some seconds after the first spasmodic clustering 
the ingested matter shrinks; this shrinkage is gradual, it persists through the next 
phase, which may he distinguished in the digestive process, and points (as does the 
gradual disappearance of the drops of imprisoned fluid which have just been 
mentioned) to a slow but closer gathering of the particles which were moved at first 
with relative swiftness. 

Indian ink suspended in water. 

The fate of this form of matter within the substance of Carchesium is suggestive, 
for the particles of Indian ink are extremely minute and practically insoluble in 
water and saline solutions, and in these points they resemble the proteid precipitate 
just described. At the same time the nutritious character of boiled white of egg 
establishes a sharp distinction between the two substances, the clearness of contrast 
being marked in proportion as each body is unmixed with other matter. The Indian 
ink may be gathered into the vacuole of ingestion with such energy that the 
admixture of fluid is hardly noticeable, or it may (and this is more commonly the 
case) pass through the phases of progression and quiescence of the vacuole, in active 
Brownian movement. When it is a question of the latter alternative, the Brownian 
movement is stopped by a centripetal gathering of particles as unmistakable (in 
vigorous polypes) as the primary aggregation of finely divided proteid. Only this 
difference reveals itself on observation, that some scattered grains of Indian ink are 
at times left outside in the general clustering and lie peripherally in the expressed 
fluid, whereas I can quote no instance in which all the solid particles of proteid 
present in a vacuole of ingestion are not gathered in during aggregation to the 
composite mass which is formed. 

When, on the other hand, Indian ink particles fill the vacuole densely, even from 
the moment of its formation, then the displacement in aggregation is not well- 
marked ; but the edge of the enclosed mass becomes sharply defined against a narrow 
rim of clear fluid which encircles it like an aureole. In no case is there immediate 
separation of the particles which have come together, despite the absence of cohesive¬ 
ness shown by Indian ink grains suspended in water; a well-marked composite mass 
is formed, a mass interesting, as well on account of the fashion of its formation, as on 
account of its further history within Carchesium, The details of this history, how¬ 
ever, can be dealt with more suitably later; so, with a simple notice of the facts that 
the secondary shrinking, so noticeable during the ingestion of proteid, is hardly 
appreciable when pure Indian ink is enclosed, while the excentric character of the 
aggregation may be marked, T turn to describe forms of ingested matter which have 
characters not touched on before, 
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Particles, nutritions and innutritions, which exceed in size the constituents of the above- 
mentioned ingesta. Carmine grains, pigment grains (ultramarine), the smaller fatty 
globules of milk, some bacteria, and small monads. 

In Plate 34, fig. 17, b , b } , I have sketched complex ingesta of carmine and bacteria, 
and the two diagrams illustrate many of the points which characterize the forms of 
matter—in some ways so diverse—which I have grouped together here. In the first 
stage represented (b), aggregation has taken place recently, and it is clear that the 
actual displacement of matter has been slight. In the stage drawn two minutes 
later (Z^), the contraction, or shrinking, is accentuated, the enclosing fluid is clearer, 
and the outline of the ingested mass well-defined. These statements hold for most 
cases in which the vacuole, entering from the oesophagus, is well filled with fairly 
large particles; the primary rearrangement tends to he unimpressive; it merges into 
what I have called secondary shrinking, and the whole process is deliberate. When, 
however, such particles are present scantily—when a few micrococci, or scattered 
individuals of bacterium termo, are enclosed, then the aggregation is striking; and a 
single spirillum, a single monad, or a single globule of fat, when each is ingested with 
minute particles, sparsely distributed, may move inwards, quite markedly, from tbe 
external limit of the vacuole (fig. 7, a, cq). The fate of milk globules deserves special 
notice; I find that the fat of milk is no more available for the nutrition of Carchesium 
than for that of Amoeba or Actinosphce'i'ium* yet the ingestion is eager and 
persistent. The tiny globules can never, of course, fuse to a homogeneous mass, and 
(being, indeed, generally densely packed from the oesophagus inwards) they do not, 
as a rule, illustrate at all vividly the typical spasm of primary aggregation, or gradual 
following shrinkage. But their undoubted coherence into mulberry-like masses is 
striking (fig. 7, c), and if it he urged that the proteids of milk in solution (fresh), or 
precipitated (albumen in boiled milk), may have their share in effecting this union, 
still the facts seem to demand the existence of some homogeneous unifying substance, 
its outline joining the peripheral fatty globules, while those that are more internal 
lie embedded in it. It is natural to try to test the validity of such an inference by 
Reference to the fate of ingested proteid and Indian ink. I am anxious, however, 
before entering upon any discussion of the meaning of aggregation, to increase the 
list of facts upon which such discussion may be based, and I turn to record the results 
of some observations of a second main modification of the phenomenon. 

Case 2,— The movement is double; two processes, or, more probably, two steps in one 
process , may be distinguished, unlike in duration , and, to a certain extent , in result. 

The composite mass is made up of a central portion, shaped by the first rapid 
gathering, and a cap-like or spherical border of solid substance deposited later 
(fig. 8, Id, 2c). In one series of experiments this double movement constantly 
followed the ingestion of tbe white of stale eggs coagulated after dilution. The 

* K» ifEtssKEft, * ZeitscE. f. Wibs. Zool.,’ vol. 46. 1888 M. Gbbenwoqb, * Jaran, of Physiol.,’ vol. 7. 
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feeble coagulation, which I obtained by boiling, in this case, contrasts strongly with 
the dense precipitate thrown down by heat from a solution of fresh white of egg. 
And since it is known that when eggs are kept, albumoses and peptones make their 
appearance and increase, and that albumen coagulates feebly in alkaline solutions, 
it seems probable that the opalescent fluid, obtained by boiling the stale “white,” 
offers for the attack of Carchesium a constituent which has hardly been considered 
as yet—nutritive matter in solution. Associated with this soluble food, we have, in 
the case under consideration, a scarcity of suspended particles, and the relative 
importance of each factor in producing the phenomenon I am about to describe is 
not easy to estimate. 

The first centripetal movement is a vigorous reproduction of the process as it has 
been described above. The cluster of proteid particles is excentric in position, its 
constituent granules, probably because they are scattered initially, come together 
with much energy, and at the same time may leave among themselves the little fluid- 
filled rifts described before. This admixture of fluid is so striking sometimes that the 
ingested body may be termed vacuolate ; its border is always sharp and unbroken ; 
its size (and & fortiori its mass) is less than the ordinary size of a food ball, 
shaped by recent aggregation. This difference is of course a difference of degree, 
but a qualitative peculiarity becomes obvious almost at once in the fluid of the 
vacuole of digestion. I have tried to represent this in fig. 8, and to show that after 
the first gathering of granules slight opacity in the outlying fluid hints at the 
appearance of fresh solid matter. There is, in fact, a second movement shortly; little 
bullae of clear fluid appear round the edge of the vacuole (fig. 8, 1c), and the opacity 
of its contents becomes slightly accentuated ; later, a gelatinous mass retracts, with 
slow centripetal motion, and settles round the “ nucleus ” formed by the first quick 
movement (1, d). The substance separated thus by the second action is generally 
homogeneous, and often difficult to see ; in rare cases, the preparatory turbidity of the 
vacuole, of which I have spoken, is exaggerated to granularity, and when this is so, 
the shrinking solid is granular too (fig. 8, 2 c). I have said that this second 
retraction is slow, indeed it may be many minutes after ingestion before the double 
sphere lies fully in clear fluid ; rarely, however, there is an approach to the rapidity 
of primary aggregation . I think that the rate of movement, the extent of retraction, 
and the consistence of the second shrunken mass depend upon the existence of a 
certain balance, in the proportion of soluble and suspended matter first ingested, 
and upon the amount or energy of the substance causing retraction, which is passed 
from the surrounding protoplasm into the vacuole. Thus, double aggregation can 
be made single by the addition of an overwhelming quantity of finely divided 
substance to the fluid, of which soluble matter was an important constituent before ; 
on the other hand, a few inert particles, such as those of carmine or Indian ink, 
do not hinder the moulding of the double mass, but are recognizable, for the most 
part, near its centre—they are involved, that is to say, in the first sudden movement, 

3 A 2 
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Again, the degree of the second retraction varies; as a rule the shrinking is so 
marked that in the stage of storage # the double character of the ingesta is hardly 
perceptible; more rarely there is a loss of vacuolar fluid, while yet a granular 
“ nucleus ” lies clearly within its gelatinous investment—the mechanism of retraction 
has failed partially, either because of unusual lack of vigour, or because of excessive 
resistance in the substance which is to be moved. 

Any specimen of Carchesium, in which this double clustering of ingested matter is 
demonstrable, can, as I have said, be induced to perform the single movement by 
suitable change of food; it would seem, then, that we are dealing rather with 
inconstant stimuli than with inconstant response of cell substance. And the whole 
variation is valuable, mainly, I think, because the slower changes which characterize 
it are of help in the attempt to analyse the quicker, usual movement. 

The somewhat detailed description which I have given of this phenomenon of 
aggregation may tend to obscure the fact that it is, in Carchesium , but one phase in 
the sequence of digestive change; that all the important transformations immediately 
bound up with solution of food are yet to follow. It ends the period of quiescence, 
during which most ingesta tarry within the basal curve of the nucleus; and it 
precedes a second mimic peristaltic movement, which, since the ingesta pass once 
more towards the peristome (though on the side of the polype opposite to that on 
which they entered), may perhaps be distinguished as the movement of retrogression 
(fig. 2, B, a, h). This is slower than the initial progression from the oesophagus, 
and is usually characterized by the slight continued shrinking of the ingesta on the 
one hand, and, on the other, by the enlargement of the vacuoles which surround 
them. These changes are indicated in fig. 2, A, B, fig. 7, b, b, and, though they vary 
under changed conditions, may be said to accompany the transit of all particles, 
whether they are relatively large or minute, insoluble or nutritious. But when 
retrogression has carried the vacuolate ingesta almost to the level of the peristome, 
there are indications of varying fate ; and the cell-substance of Carchesium shows 
that discriminating reaction to the nutritious or innutritious character of enclosed 
matter for the reality of which I have pleaded before in the'case of Amoeba. 

Nutritive ingesta, following the course of the red line in fig. 1, pass towards the 
more deeply-seated substance of the animal (I speak now of typical acts of digestion), 
and may pause at any point in the area shaded with transverse lines, or may move 
through it slowly. In either case they lose the fluid which surrounds them, and with 
its disappearance there is a total intermission of digestive activity; the ingesta pass 
into what I would call the stage , of storage; this may persist even for hours. 
Throughout this phase the enclosed masses, which have origin in coagulated proteid, 
are smooth, and oval or spherical; many ingesta, not -of distinct experimental origin, 
a$d therefore doubtful in nature, form rather dense wrinkled masses, and in clusters 

* Tide infra, 
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of ingested bacteria the individuals can still be distinguished as bright points, or 
(after proper treatment) as deeply-stained dots. Ingesta, whatever their nature, have 
reached the extreme point of solidity, of shrinkage; and a polype, after vigorous 
feeding, is chalk-white by reflected light, and, by transmitted light, studded with 
relatively opaque patches, however transparent may he its own cell-substance. 

Eventually, however, the storage stage is ended •* there is no constant or notice¬ 
able locomotion of the ingesta, but vacuoles re-form around them at any point over a 
large area. And this freshly-secreted fluid has a powerful solvent action on proteids; 
even coagulated proteid succumbs, and the semi-mucilaginouB investment of bacteria 
does not guard them from speedy loss of discreteness. In figs. 3 and 4 diagrammatic 
representations of this part of the digestive process are given, the ingested matter 
being coagulated proteid in fig. 3 ; in fig. 4, bacteria. 

In fig. 3 one food-mass out of many is chosen for reproduction, and the first sketch 
is made immediately after aggregation is accomplished. The movement has been 
inconsiderable, and only a small amount of fluid surrounds the composite mass in 
whose substance there is just the indication of tiny drops of imprisoned fluid. At a, 
the stage of storage is reached ; the fluid of the vacuole, separated out by aggregation 
and developed more clearly during the movement of retrogression (of which there is 
no picture here), has disappeared, and the proteid sphere is denser and more clearly 
defined than at any other moment during its intra-cellular career, b, c, and d repre¬ 
sent stages in development of the * digestive vacuole, and solution of its contents. 
At e, the proteid matter is obviously reduced in amount; the vacuole holding it is 
still very large, and has approached the area from which discharge takes place. 

Fig, 4 differs in two points only. In the first place, the actual enclosure of the 
ingesta was not seen; it is not certainly there, but only (from comparison with known 
cases) probable in a high degree that they are clustered masses of bacteria; in the 
second place, the time data given here help one to realize the vigour of digestive 
action, even on enclosed matter which does not promise ready solution. It will be 
seen that in less than an hour after the first formation of a digestive vacuole (a) there 
is marked reduction of the food-mass attacked, while at the same time no scattering 
of its substance can be made out. These two features characterize every energetic 
digestive act, but they vary in prominence. Thus, if many insoluble particles are bound 
together by but a slight admixture of nutritious matter, then in the later stages of 
digestion such particles may be set free; this is often the case when Indian ink is 
ingested with proteid (fig. 5, a), and may be seen rarely when Garchesium is fed with 
milk. Or, again, the reduction in size may be inconspicuous when the insoluble 
matter mixed with any food-stuff is bulky, or is so constituted that no close packing 
of its particles is possible (fig. 7, 6, 6J. 

I should like to emphasize another change which is at least as constant an accom¬ 
paniment of digestion as continued cohesion of food particles or reduction in size of 
. * Some actual time details are given later. . 
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the mass which they compose—I mean, increase of transparency, loss of solidity and 
of firm outline. I have tried to represent this in the figures of Carchesium } hut with 
slight success, for in reality it is so striking that there is bub little tendency to confuse 
ingesta before and after the stage of storage, though in both cases (typical]y) they are 
vacuolate. Indeed, as it has been pointed out that after the first loss of vacuole the 
extreme point of concentration is reached, so I may add that never is there such 
shadowy outline, never such sharp contrast in refraction between accidental insoluble 
particles and the apparently mucilaginous basis by virtue of which they cohere, as in 
advanced digestion. 

Complete solution of ingested matter is extremely rare in Carchesium , especially 
when it is a question not of the relatively pure nourishment provided by experiment, 
but of the mixed diet of a straggling life; after a varying time,* then, insoluble remains 
of all kinds pass from the more central position where the digestive ferment has 
attacked them (fig. 1., solution) and come to lie in what I have called the area of 
discharge (fig. 1, discharge), According to Greef,+ all faecal matter is expelled into 
the pharynx (at about the junction of its external and middle thirds) from a ridge, 
running transversely to the long axis of the polype in this region, and round about 
this narrow area the vacuolate food masses are grouped when digestion is at an end. 
And here there is occasional fusion of vacuoles, so that two or more ingesta are placed 
in common fluid surroundings (fig. 6, d). This phenomenon may, indeed, occur at any 
period in the digestive cycle; thus, in fig. 6, c, I have represented a fusion of four ingesta 
effected during retrogression , and the fusion of vacuoles of ingestion is not infrequent. 
But the coalescence is rather to be associated typically with advanced digestion 
than with these early stages, and recalls the fashion in which, in Actinosphcerium, 
many ingesta may he passed to the exterior from a common excretory vacuole.J In 
Carchesium the occurrence is rarer, and it may, moreover, be obscured by a charac¬ 
teristic want of synchronism in the ejection of fluid and solid matter; as a rule, 
nutritive ingesta reach the area of discharge in well-marked vacuoles, but these are 
almost invariably reduced in size and may disappear before extrusion of the solid 
matter (fig. 3, <?.). The assumption that the fluid lost thus as a discrete vacuole does, 
indeed, pass from the animal, and not into the protoplasm which secreted it originally, 
may be regarded as hasty, and so bewildering are ciliary movements and the constant 
shifting of the whole polype that the fate of anything as inconspicuous as is fluid tends 
bo be obscure. But apart from d priori considerations, which lead one to assume the 
existence of waste matter here, the somewhat sudden character of the disappearance 
and an occasional preliminary ejection of free granules or viscid flocculi serve as some 
direct evidence of outward movement. After the diminution or disappearance of its 
fluid surroundings the solid residue is discharged, passing as if slipped into the 

* Of. below, p. 372. 

f R. Grief, loo . oti . 

t M. Gbbbiwood, ‘ Joura. of Physiol.,’ vol, 8, p. 283. 
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pharynx. Here it pauses until such, time as some of the currents called into being by 
the vigorous action of surrounding cilia sweep it to the exterior. 

I have said in an earlier part of this paper that innutritions matter is swallowed 
by Carchedum with undiscriminating eagerness, if its constituent particles are small. 
Indian ink grains and coagulated proteid mixed equally in the surrounding water 
give rise to ingesta, in which both substances are mingled impartially. Further, 
it is quite usual in vigorous polypes to get a replacement of one set of ingesta by 
others of unlike nature, when the suspended particles proper to each group are made 
to preponderate successively outside the animal. And in experimenting thus, I have 
never been able to note any clearly selective ingestion; coagulated proteid may 
replace carmine or bacteria, and may be ousted in turn by Indian ink or milk; 
it is the quantity or distribution of matter that determines its entrance rather than 
its availability for subsequent digestion. Even after enclosure, the onward movement 
of progression is characteristic, and, the phase of quiescence being ended (usually) 
by a typical movement of aggregation, retrogression follows. Finally, after a pause 
in the “area of solution discharge takes place from the anal ridge. Only in 
the duration of these several events, and in the really important details, the 
wrappings to this bare thread of movement, can we trace the fact that innutritious 
matter does not stimulate the cell substance of Carchesiwm so effectually as does 
digestible food. 

In the first place, the time of enclosure is short. I will not anticipate the more 
detailed statement on this point which is to follow, but will only say that this 
diminution does not affect the first periods I have distinguished. The time taken up 
by progression and quiescence is, on the whole, very slightly longer than when true 
food stuffs form the ingesta. But sojourn in the area of solution and the area 
of discharge is shortened, and 40 to 60 minutes after the first enclosure, ejection 
may have been even considerable. 

In the second place, it is noticeable that very many non-nutrieut ingesta are 
discharged without that re-formation of vacuole which marks the actual solution 
of digestible matter. Deprived of fluid after the movement of retrogression is over, 
they acquire no fresh fluid from the surrounding protoplasm, and they are set free 
finally as spherical or more commonly elliptical masses (fig. 2, a, fig. 16, d). But I 
cannot leave this statement, contrasting as it does with the history of true digestion, 
without a modification which at first sight is damaging to its effect. It happens 
sometimes that ingesta, moulded from insoluble pigments, never show complete loss 
of the vacuoles which have been brought out by aggregation. Not only does the 
fluid persist, it increases in amount, and in such case the peripheral grains of pigment 
(I speak now of finely particulate matter) are freed into the fluid of the vacuole and 
show typical Brownian movement (fig. 5, a). There is, however, in no case thorough 
disintegration of the ingested mass; whatever change sets free the granules is 
circumferential only, for a central solid remains and shows on ejection no lessened 
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cohesiveness. This phenomenon is not extremely rare, but may be termed exceptional. 
I hope to discuss later, its relation to the view formulated above, that the secretion 
of the true digestive fluid is selective, and to show that the two are apparently 
.rather than really discordant. 

The length of time during which Carchesium retains ingesta, and its distribution among 
successive phases of digestion. 

When a group of polypes is left overnight in water holding coagulated proteid in 
suspension, it is usual in the morning to find each polype crowded with ingesta in the 
stage of storage (Plate 34, fig. 2, O.s.). And this state of things may persist yet 
■longer if the animals and their surroundings are left undisturbed, whereas, mounted 
and watched by transmitted light, they' soon show signs of digestive activity; 
vacuoles are formed round some of the ingesta at least, and the changes which I have 
described above as characterizing solution, follow. On the other hand, this long 
enclosure is by no means inevitable, and digestion may follow ingestion very rapidly, 
Thus in fig. 3, in which actual taking in of boiled white of egg went on under the 
microscope, the stage of storage (a) was but of short duration, for all the digestive 
changes which succeeded it (figured at b, o, d, e) were sketched in little more than one 
hour from the time when ingestion began. It may even be that there is no suspension 
of digestive activity at all; the fluid which the movement of aggregation defines is 
never lost in this case; on the contrary, it increases in amount as digestion proceeds, 
and the assumption that its constituents change seems justified. The promptitude 
with which secretory activity may manifest itself under changed conditions is repre¬ 
sented in fig, 4, and this figure and fig. 2 c. further serve as illustrations of that 
temporary unlikeness in the fate of like ingesta to which reference has been made 
above. Digestion may be localized at first with apparent caprice; some food masses 
are taken and others left, though there is no final failure of activity but only delay. 

It will be gathered from these statements that there is some difficulty in fixing 
within narrow limits the time during which Carchesium retains its nutritive ingesta; 

, it would seem indeed that many factors cooperate to produce variations in the onset 
and duration of true digestive activity, and that the characters of the ingesta and the 
varying condition of the animal are equally potent with changing external conditions. 

. Among external conditions, however, there can be little doubt, I think, that light 
has a stimulating action. It is true that the necessary limitations of a <c hanging 
drop ” suggest that other influences, less readily appreciable, act upon specimens that 
; are being ivatcbed under the microscope; still when due care is paid to irrigation and 
aeration, one is impressed by the constancy of a certain sequence of events. If the 
'ingesta are in an advanced stage when observation begins (this happens with recently 
ttmght Carchesium which often holds greatly changed bacterial food) then there is 
discharge; food is digested, or it may be, hurried to premature ejection when 
1% animus are mounted during the storage intermission of secretory activity, Light 
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does not produce appreciable lesion in the substance of Carchesium ; the nuclei are 
unaffected, and even under artificial light* there may be vigorous ingestion: rather, 
it stimulates to advance in the digestive cycle,—to secretion, or it may be to ejection. 

Apart from the influence of light, the presence of fresh food material has some 
effect on the attitude assumed by Carchesium to foreign matter already within its 
substance. It is too much to say that ingesta of one kind will replace those of any 
other kind, but ejection always appears to be promoted by fresh ingestion, especially 
when the preexisting ingesta have been enclosed for some time. In the case of 
Amoeba I noticed the tendency to reject carmine or grains of starch when such highly 
nutritive ingesta as monads became available, and a slightly different adjustment of 
the same complementary acts, shows itself in Cw'chesiwm in an increased tendency to 
eject ddbris when many fresh ingesta are being formed. The difference consists in 
this, that nutritive matter is not clearly prepotent, at least in vigorous animals ; the 
expediting action of renewed ingestion on (ex. gr.) the discharge of bacterial remains 
is as obvious when the newly enclosed matter is Indian ink, as when it is finely 
divided proteid. 

Last among the external influences which affect the duration of enclosure I am 
inclined to place mechanical stimulation, such disturbance, that is to say, as is bound 
up with sudden change of environment and with manipulative interference. This is 
not often dissociated from change in illumination, and for this and other reasons I am 
ignorant of its true importance. But ejection sometimes begins synchronously with 
remounting, manifesting itself with a vigour which lessens presently, and I often had 
occasion to associate the discharge of effete matter in Amoeba with mounting or 
transference of the animal; it seems difficult, then, not to regard some obscure 
contact stimulus as one more complication tending to hasten discharge. 

It remains to consider the relation of ingested matter not to variation in external 
conditions but to the state' of Carchesium at any moment. It is readily con¬ 
ceivable that, changing in condition, the animal would react changingly to constant 
stimuli, and that in this fashion variations in the manifestations of digestive activity 
would occur. Any attempt to estimate the value of this factor, however, must follow 
an examination of the way in which variation characterizes not only the whole time 
of enclosure but each succeeding phase. 

1. Extra-cellular phenomena. —In an earlier part of this paper I described the 
way in which particles are gathered into the pharynx and gullet of Carchesium to aid 
in forming the vacuole of ingestion. If we disregard the wide intervals which may 
separate successive periods of feeding, and take no account for the moment of partial 
and ineffective accumulation of solid matter in the oesophagus of a lethargic form, it 

* Any specimens examined by artificial transmitted light are exposed to rise of temperatnre in the 
medium in which they lie, as well as to intense illumination. I hare found that Bigns of lesion appear 
very constantly with any considerable rise of temperature, but below this point I can draw no clear 
distinction between the effect of light and that of heat. 
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becomes clear that there is considerable regularity in this preliminary act. Such 
variations as occur belong rather to different polypes at different times than to any 
one animal during one period of feeding. In vigorous ingestion the time which passes 
between the internal discharge of two succeeding vacuoles is usually 40 seconds; 
greater energy shortens the interval to 30 seconds, and in some cases, which are yet 
quite healthy, it is drawn out to 1 minute or rather more * And since there is 
practically no intermission of ciliary activity, the time which separates the acts of 
ingestion may be regarded as measuring, too, the creation of the vacuole which is to 
move. Whilst watching any one polype I have never seen a sudden confusion or 
exchange of these time limits, such, for example, as an adoption of the 30 seconds 
interval for one of 1 minute; the rhythm is approximately regular, but in different 
animals its rapidity varies. 

2. Progression. —It will be remembered that the position taken up by the vacuole 
of ingestion during quiescence is not quite constant, in other words, there is a journey 
of variable length through the substance of Carchesium before progression is at an 
end. And the time spent in this journey varies, but not, I think, directly with the 
extent of locomotion; it may he that a vigorous impulse effecting ingestion lasts long, 
carries the food mass far and moves it rapidly, and that a faint impulse acts sluggishly 
and fails soon. I give 10 seconds as the characteristic duration of normal progression, 
but the time may be lengthened to 14 seconds, or may be shortened to 5 or G seconds. 

3. Quiescence The phase which follows progression is, to a certain extent, its 
complement; thus, it lasts typically for 9 seconds, may be shortened to 5 seconds or 
lengthened to 25, the variations tending bo be inversely as those of the movement of 
progression. The correlation is incomplete however, so that the total time elapsing 
between ingestion and aggregation is somewhat inconstant; it may vary from 11 
seconds to 37 seconds, but is commonly 20 to 24 seconds. 

4. Aggregation . —Primary aggregation, when it is vigorous, is practically instan¬ 
taneous. It is one of the most constant periods in this drama of digestive change, 
and among some hundreds of observations I have records of hardly more than a dozen 
which show any marked divergence on this point; f second, $ second, or even 
1 second represent the most frequent degrees of extension. I have one case in which 
If second passed before aggregation was achieved, and yet another case is recorded 
in which the lethargic character of the movement was so pronounced that I leave it 
for special consideration later. 

5. Retrogression.— When primary aggregation is over, the digestive vacuole pauses 
for a variable time before the development of the slow retrogressive movement, and 
it is not easy'to see how the impulse to retrogression arises. A certain displacement 
would, of course, result from the recurring arrival of fresh vacuoles of ingestion, but 
this movement is determinate in direction, and its onset does not necessarily coincide 

* & Obnw describes successive acts of ingestion as occurring after an interval of a quarter of an hour. 
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with the advance of new food material. In periods of vigorous feeding ingesta are 
passed back and reach the area of solution in 1 minute; this time may be doubled 
in animals which are apparently quite healthy, and, as I have tried to make clear in 
another place, the path is sometimes shortened, and sometimes shows irregular 
extensions of which no account is given in the purely diagrammatic scheme of fig. 1. 

6. Storage .—Passing into the large central area where food is stored as well as 
digested, the ingesta of Carchesium enter on the most variable period of their sojourn 
within its substance. After gradual loss of the fluid which first became obvious 
during aggregation , they may lie for 12, 18, or 20 hours showing no sign of change; 
on the other hand, I have seen vigorous re-formation of a vacuole, and the onset of 
solution only 30-60 minutes after the first loss of fluid. This shortening of the 
storage stage is associated with digestion under continuous observation, and finds its 
extreme expression in the entire omission of any pause and loss of vacuole; solution, 
in this case, follows retrogression. 

7. Solution .—This phase, which may be regarded as giving point to all the 
preceding ordered marshalling of ingesta, is much more constant in length than is 
the stage of antecedent storage. It is obvious that the matter upon which the fluid 
of each vacuole has to make its attack varies in intrinsic digestibility, in admixture 
with innutritious foreign particles, and in amount and density. Thus, there is 
undoubted qualitative difference between the substance of bacteria and coagulated 
white of egg. Without attempting any rigid definition of the time limits of the 
solvent process, then, I will only say that characteristic transparency of the ingesta 
is unmistakable 15 or 20 minutes after the vacuole has re-formed, and that within an 
hour the change in aspect—often with great reduction in size— is very marked. In 
like manner, when the storage stage is omitted and we deal not with a freshly- 
formed vacuole, but with enlargement of one pre-existent, and (presumably) with 
variation in its constituents, signs of solution are striking within an hour. 

8. Ejection ,—As forming the last period in this history of intracellular phenomena, 
I group together the actual rejection of matter and its antecedent stay in what I have 
called the area of discharge. The preliminary pause is sometimes loDg and the trans¬ 
ference of the ddbris of ingesta from the area of solution may be slow and irregular, 
even when all appreciable solution is at an end. Hours may, indeed, intervene here, 
while, on the other hand, I have seen the much changed remains of nutritive ingesta 
discharged within 1J hour after enclosure, This is the stage which is shortened most 
readily by mechanical, and possibly by chemical stimuli; it is indeed not uncommon 
when disturbances of such a nature are set up, to see mucilaginous debris, apparently 
the accumulation of hours, discharged in irregular succession. The act of ejection is 
rapid, but each mass of waste matter is passed out into the pharynx without any 
constant accompaniment of fluid, and may linger there for some seconds, even for 
minutes, before it is finally set free. 

Up to this point I have been speaking of the fate of nutritious ingesta with or 

3 b 2 
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without admixture of innutritious substance; the case in which the nutritious element 
is minimized,—it may be, abolished, needs one word of description. When carmine 
grains, particles of Indian ink, or of ultramarine blue are taken in by Carchesium, there 
is no appreciable change in the first responsive events, and to the end of the movement 
of retrogression the time relations of the different periods are practically unaltered. 
Later, however, two divergences from the programme I have just sketched are striking. 
In the first place, the whole time of enclosure is shortened. This has been stated in 
the general description of the fate of innutritious matter given on p. 367, and I will 
merely add, in the first place, that constant observation, mechanical disturbance, and 
all those conditions which tend typically to abbreviate the digestive cycle are especially 
potent here and often promote vigorous discharge. Ejection may indeed be 
considerable, 50,40, or even 35 minutes after the beginning of ingestion. In the second 
place, it is mainly the stages which correspond to storage and solution , which are 
curtailed or obscured. I have before alluded to the fact that there is unusual 
persistence of fluid in rare instances, but these can hardly be regarded as exceptions 
to the statement that loss is not followed by renewed secretion; that there is no 
active re-formation of vacuoles if the direct descendants of the vacuoles of ingestion 
disappear. In the great majority of cases the pigment masses lie as if stored until 
they pass to the area of discharge before ejection. And here the time relations of 
succeeding acts approximate again to those which characterize the end of true food 
atufis. There is nothing distinctive in their journey to the area of discharge nor in 
the act by which they are ejected 

In the following Table I have gathered together most of the numerical results 
which have just been discussed; it will be seen that rather pronounced variability 
interferes with definite statement in some cases; I have therefore given, where it is 
possible, the time which I regard as belonging typically to each event, and the 
extreme variations from this, which I have recorded. 
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The significance of some of the phases through which ingesta pass in the substance of 
Carchesimn. 

The meaning of aggregation .—The striking feature of this phenomenon is un¬ 
doubtedly the movement of suspended particles, the fundamental feature is the exis¬ 
tence of a force which moves them—a force constantly centripetal, though not always 
perfectly symmetrical in action, and operating instantaneously in times of vigour. 

The constantly sharp outline of the mass of moving particles, whatever the actual 
displacement of its constituents, the persistent central cohesion, not only of possibly 
glutinous matter, but of oil drops or grains of Indian ink, and an occasional lack of 
synchronism* in action, forbid the hypotheses that aggregation is due solely to the 
centripetal discharge of fluid into the vacuole from the surrounding protoplasm, or to 
the separation and contraction of a highly elastic lining film. On the other hand, all 
these facts are in harmony with the view that the phenomenon is essentially one of 
shrinking—that there is rapid retraction of some viscous matter which 
entangles in its substance, and thus aggregates any solid particles present 
in the vacuole of ingestion. This hypothesis finds further support in the con¬ 
siderable staining power of food masses formed from coagulated proteid, as contrasted 
with the reaction of the proteid particles before ingestion, in the persistent shrinking 
exhibited by ingesta until they are stored, destitute of vacuoles, and in the phe¬ 
nomenon of double aggregation (v. sup.). And certain secondary modifications of the 
movement, which are observable at times, offer no hindrance to its adoption. Thus, 
in some specimens of Oarchesium which are apparently lacking in vigour, a food mass 
formed by aggregation may cling for a time to the walls of the vacuole by delicate 
viscous threads springing from, and finally retracted to, its poles (fig. 6, &.); at other 
times so much fluid is entangled in a food mass as it forms that it is clearly, if 
temporarily, vacuolate, and in yet other cases the central particles contained in a 
vacuole of ingestion may show lingering movement, while retracting hyaline substance 
separates them from the periphery of the vacuole. These modifications occur rarely, 
and I regard each as an expression of partial failure in the action of the mechanism 
which underlies aggregation ; there is, as the case may be, localized delay in the 
retraction of the viscous matter, or localized lethargy in its maturation. 

The Origin of the Retractile Substance .—The formulation of this hypothesis as an 
interpretation of the phenomenon of aggregation leads naturally to the darker 
problem; how and where is the retractile substance formed ? The continued inges¬ 
tion of rich food by Carchesium does clearly increase the granularity of its cell 
substance, but the converse activity of secretion brings about as little undoubted 

* In fig. 6, a. a x , a marked instance of this intermittent action is illustrated; after most of the 
particles were stilled, Brownian movement persisted at the poles of the vacuole; finally, the last 
vagrant granules were gathered in, forming cap-like additions to the main mass. 
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structural change here as in the case of Amoeba or Actinosphcuriwn A polype, in 
which fifty successive acts of aggregation have been observed, does not, save for its 
abundant ingesta, differ from one that is fasting. It is rather on d priori grounds, 
then, that I am inclined to localize the formation of viscid matter in the period or 
periods which precede aggregation. The period of quiescence, which has so dramatic 
an ending, is in itself devoid of obvious event; there is then too great readiness, 
perhaps, to associate with it, in thought, some phasic heightening of obscure 
molecular activity. As a matter of fact, quiescence tends to vary inversely as pro¬ 
gression, in other words, a fairly constant interval elapses between the moment of 
ingestion and the aggregation of ingested particles.' And, throughout this interval, 
there is typically continuation of “ proper ” movement or of Brownian movement with 
undiminished energy, though rarely I have seen considerable excursions of the 
peripheral particles in a vacuole round an apparently viscid central mass. I conceive 
that the retractile substance does not, when first formed (possibly immature), offer an 
effective hindrance to the oscillation of fine particles or the movement of small 
organisms, that it may vary in amount and condition, thus offering a varying 
resistance to movement, and that it is probably accumulated in the vacuole 
of ingestion during the period of quiescence, although the possibility of 
earlier formation cannot be excluded. 

Lastly, it may be asked what initiates the act of shrinking ? Why does the 
viscid substance in its first retraction move with such vigour ? I would suggest 
that the phenomenon is a modified clotting action. In all perfected clots there is 
extra-cellular interaction of two bodies, or it may be, reconstitution of one body, and 
with the chemical change physical change is associated—a separation of solid matter, 
varying somewhat in character, a subsequent shrinking, more or less pronounced. 

* 1 may add that here (once more, as in the case of Rhizopods) the data are lacking yot, which would 
enable me to correlate any change in the rhythm of the contractile vacuole with the waxing or waning 
of digestive activity. All the observations which I have made lead me to associate incompleteness or 
paralysis of the characteristic pulsations with such lesions of nutrition as occur when aeration is 
deficient, or when OarcTieeium iB poisoned with carhonio acid, that is to say, with phases in the metabolic 
oycle more remote than those concerned with the solvent processes of digestion. I hope at somo time, 
and after more experiments, to discuss this point. 

To any one familiar with the structural characteristics of the Protozoa, it will seem gratuitous to 
insist on the, sharp contrast which the phenomenon of aggregation offers to the rhythmic movement of a 
contractile vacuole, so little have the two processes in common. I have pointed out in a former paper 
0 Journal of Physiology,’ vol. 8, p, 264,) that in Amoeba “the tine digestive vacuole shows no sign of 
contractility," and the statement holds in the case of Oa/rc1mivm without qualification. The gathering 
together of ingested particles, which is so striking and so sudden in aggregation , only throws into clearer 
relief the unbroken line of cell-snbstance bounding the vacuole; on the other hand, the typical rhythm 
of the contractile vacuole owes its very existence to the spasmodic approximation of the vacuolar walls, 
advance, obliterating for the time the appreciable fiuid-filled cavity. A. contractile Vacuole is, 
W^id^]®^ceptioB, destitute of foreign enclosures; the process of aggregation is bound up inseparably 
with the movement of recently ingested solid particles. 
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Some evidence has been brought forward for the belief that such a separation of 
solid matter takes place in the digestive vacuole of Carchesium , and it may be con¬ 
ceived that there is an extra-cellular (but intra-vacuolar) discharge of matter which 
clots and which is predestined, by virtue of its proper constitution, not to gradual 
increase of viscidity, but to a quick shrinking, almost synchronous with its first 
deposition, and as obvious as the other contents of the vacuole will allow. It may 
be said that this conception is too hypothetical to be of value, hut I would urge that 
the contrast between the fluidity which precedes aggregation (in the vacuole of 
ingestion) and the viscidity which it initiates is very sharp, and that the quickness 
of retraction—no necessary part of typical clotting—may be determined to some 
extent by a new factor in the vacuolar fluid. When delicate indicators of the 
presence of acid* are given to Carchesium the maximum change of tint which they 
show is associated with the stage of storage; the onset of change dates from the 
phase of quiescence and becomes more marked during the movement of retrogression. 
In other words, the acid reaction of the digestive vacuole is perceptible about the 
time that aggregation is accomplished, and though I have failed to detect an increase 
of size in the vacuole at the instant when movement is striking, it is clear that a 
secretion of fluid, even important in character, might, if diffused over the surface of 
the vacuole, affect any one diameter but slightly, or that localized secretion coexisting 
with localized absorption might leave the total bulk of accumulated fluid unchanged. 
Bearing in mind the points which have been mentioned more than once, the sharp 
demarcation of aggregated matter from the fluid which surrounds it, the onset and 
occasional accentuation of change at the periphery of the vacuole of ingestion, 
I venture to put forward the view that the acid fluid does not act by sharing directly 
in the stilling of motile ingesta, which is so characteristic here, it rather heightens 
the instability of previously secreted matter, so that clotting is induced. 

The whole mechanism of retraction, then, may be thus conceived. At the 
moment of aggregation, substance which has been secreted during the 
phase of quiescence, probably in an immature condition (t.e., as immediate 
antecedents of the final body), undergoes a change which may be regarded 
as a specialized form of clotting. Shrinking as it clots, it entangles solid 
particles which lie near. At the same time there is an access of acid fluid 
to the vacuole of ingestion, and it seems probable that this change of 
medium is advantageous to the effective retraction of the clot or even 
helpful to its first formation. 

The Biological Value of Aggregation. 

It remains to consider the relation borne by the phenomenon which I have described 

*The presence of acid in the digestive vacuoles of Protozoa has been proved by Mbtohnieoff (‘Ann. 
de l’lnst. Past.,’ 1889) and Le Dantec (Ibid,, 1890). I have discussed its relation to the process of 
digestion in Oarchmum in a paper whioh is yet unpublished. 
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to general protozoan digestion. Is it, we may ask, peculiar to such a highly 
specialized infusorian form as is Carchesium, or is it raised from the level of the 
merely interesting, to be dignified as a forcible illustration of some fundamental and 
often hidden process ? It is not easy to offer direct experimental evidence in favour 
of the latter view, but the body of indirect evidence which tells in its favour is not 
inconsiderable. 

1. In records which describe the digestive process in the VorticellidcB there is 
unanimous reference to the spherical masses of food which, circulating in the endo¬ 
plasm, are so striking optically ; and Greef* in his “ Investigations into the Natural 
History of the VorticellidcB” gives the following brief account of their formation in 
Epistylis Jlavicans. The freshly ingested food mass is spindle-shaped, and passes 
towards the base (attached extremity) of the body, arching round again to pass 
anteriorly (orally) to the level of the point of ingestion. Here a little knob arises 
at the pointed end of the mass, and immediately the whole is gathered together to a 
spherical lump. Other observers are even briefer in description; the variations in 
size of ingesta, the presence or absence of encircling fluid, the elliptical shape of the 
vacuole of ingestion, all these are noted or form the subject of discussion, without 
any minute account of the details of successive phases. It is clear, I think, that the 
ingesta have been observed, as a rule, after aggregation is over, but that the state¬ 
ment given by Greef is really an abbreviated account of the actual process in 
Epistylis flamcans. 

2. In Infusoria, other than the VorticellidcB , the references and descriptions also 
deal with ingesta, in which the welding process is complete. Thus EmiENBKitat 
based his celebrated “ polygastric theory ” on the very general occurrence of 
“ Magenzellen/' describing them in forms as unlike as Monas and Stentor. It has long 
ago been shown that the “ Magenzellen ” are spherical food masses ; that the method 
of their formation has been left unrecorded is hardly surprising when we remember 
that these infusoria are often vigorously motile and sometimes opaque, and that 
details of the process of aggregation have been lacking hitherto, in a transparent, 
stationary form like Carchesium. 

3. In discussing the formation and history of digestive vacuoles in ciliate infusoria, 
Butschl4 draws a distinction between those animals which ingest relatively large 
food masses and those in which particles, generally minute, are swept into the 
pharyngeal tube by ciliary action. He points out that the concomitant ingestion of 
water is obvious in the latter case, and the vacuoles, in which ingesta lie, are distinct; 
when the food masses are large, fluid surrounds them clearly only some time after tine 
act of ingestion, I refer to the distinction thus drawn, because it throws some light 
on the early history of ingesta in Rhizopods. In these animals there is no disturbing 

'f&Bh Gjksb*, ho. <df. 

' f-€k G,‘Die Infusionstliercten,’ Leipzig, 1838. 

t “ Protozoa” (Beonn’s ‘ Bass, u, Ord. d, Thierr.*). 
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excess of motility, indeed, the act of ingestion has been described in some detail; but 
there is, I think, no published account of the process of aggregation. I would urge, 
however, that there is formation of a viscous substance, which unibes scattered ingesta 
during their stay within Amoeba , and that its presence, hidden by the fact that the 
food here is often massive, is indicated by the following experimental results : (a) In 
watching the process of digestion in Amoeba , I have often seen the enclosure of such 
active infusoria as monads. And in the notes on these observations (made some years 
ago*) I find frequent mention of the fact that a monad continued to move in the 
vacuole of ingestion for 5, 7, or 10 minutes, and thus was suddenly and finally 
reduced to quiescence; the statement seems to afford a parallel to the sequence of 
progression, quiescence, and aggregation in Carchesium (2). (b) Again I was struck, 

even at that time, by the cohesion of ingesta during solution. I may perhaps 
illustrate this by reference to an experiment in which a monad and a green 
protococcus were received into one vacuole of ingestion. The complex mass was 
watched for six hours, and, after the first onset of change, there was no break in the 
union of the two bodies ; e.g., at the end of the third hour the monad “found a small 
semicircular mass, fitted as by some force over one part of the circumference of the 
protococcus ; ” at the end of the sixth hour the relative position of the two bodies was 
unchanged, (c) Lastly, I may say that this cohesion was not confined to true food 
stuffs, but probably characterized such insoluble particles as grains of carmine and Indian 
ink. Thus I described the finer granules of those bodies as moving after ingestion 
“not freely, but gathered into groups by a basis of hyaline substance which is 
generally spherical and often difficult to observe.” It seems not improbable that it 
was a secretion and subsequent retraction of viscous matter quite comparable to that 
formed by the protoplasm of Carchesium , which gave the “ basis ” its spherical form 
and united the scattered grains of pigment. 

If this indirect evidence be allowed to have weight, it supports the hypothesis that 
the Becretion of a viscid retractile substance round ingesta is a widely 
spread process in Protozoa . The Coelenterata , where the digestion is 
localized for the most part in the body cavity, show, as is well known, 
marked gland cells in their endoderm, and the digestive fluid apparently 
takes origin in the intra-cellular solution of secretory granules; in 
Protozoa no such formed secretory products can be detected in the 
substance of a resting cell ; the outpouring of the body, which is 
destined to clot and shrink, is coextensive with their absence. 

It is possible, I think, to examine still further, the relation of aggregation to the 
whole process of digestion. In an earlier paper I have advocated the view that, while 
the ingestion of solid matter is promiscuous in Amoeba , the later history of ingesta 
varies according as they are nutritious or insoluble. In the latter case, they fie in the 
c Journ. of Physiol./ vol. 7, p. 269. 
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endosarc, not surrounded by fluid ; nutritious bodies, on the other hand, are digested by 
the fluid poured around them. In Carohesium », nutritious matter is aggregated, bathed 
in acid fluid, and then, by gradual loss of surrounding vacuole and continued shrinking, 
reaches its maximum density in the storage stage, Later, it swells under the action 
of freshly secreted fluid until it is difficult to draw the line between swelling and 
solution, and possible to pass from the fluid periphery of a digestive vacuole, through 
increasing viscidity, to a fairly solid central nucleus. It is after the secretion oi this 
second fluid that food stuffs are dissolved. Innutritions matter shows quite compar¬ 
able accumulation of fluid and subsequent loss with maximum approximation of its 
particles, especially if ingestion be carried on in the dark. Mounting at this stage 
provokes ejection, but not, as a rule, fresh secretion of fluid. In fact, the great 
majority of experiments support the view that the cell, substance is, on the whole, dis¬ 
criminating in its secretion of fluid with which the solution of food is immediately 
associated, but that the formation and clotting of viscous matter in the vacuole of 
ingestion is called forth by ingesta of all kinds. 

Since the food ingested naturally by Carchesnm is very largely made up of 
bacteria, and may therefore be actively motile, it is conceivable that there is need 
of some speedy and effective action on the prey, and that this necessity has concen¬ 
trated the secretion of the potent retractile substance and generated the habit of 
uniform response to all ingested matter. On the other hand it may be that indis¬ 
criminate aggregation is arrived at in quite another fashion; the viscid matter is 
so intimately related to the actual process of digestion, that no entering vacuole, 
whatever its contents, is sent on unprovided with its share of so important a factor. 

Either of these suppositions is in harmony with the last point I wish to mention 
as suggestive of the far-reaching significance of aggregation, I mean its time relations 
to the other events in the digestive cycle. Once aggregated, the most active 
bacteria move no more; when ingesta have attained to the stage of storage they are 
at the point of maximum shrinkage, and are at the same time ready for subsequent 
solution. We find, in accordance with these facts, that the time elapsing between 
ingestion and aggregation is more nearly constant than any other period in the 
process of digestion, and that, on the other hand, the storing of ingesta may be as 
vigorous in character as it is varying in duration. I have counted one hundred 
stored clusters of bacteria in one polype of Oarehesium , and it has been mentioned 
above that no interval or an interval of many hours may be introduced between the 
end of the movement of retrogression and the onset of solution. The possibility of 
such excessive accumulation is to be associated/probably, with the wide intervals 
which may elapse in the free state between successive periods of feeding; and there 
,! 8 <) ^ y ^ ous ^ ness i n introduction of variation here, for the ingesta are reduced 
an<i to minimal size, and therefore make less demand than at any 
other moment on the functional activity of the animal in which they lie. 
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Note .—It remains for me to mention a modification of one phase in the digestive process to which 
reference has "been made above. This modification is an extreme case of lethargy in the aggregation of 
particles. A specimen of Carchesium was mounted for observation at 12 noon, and for fifteen minutes 
showed vigorous ingestion of Indian ink; at the end of this time, coagulated proteid (probably mixed 
with some bacteria) was substituted for the pigment, and some further ingestion followed. Observation 
was then suspended for four hours, and at the end of that time ingesta were being formed by persistent 
or renewed activity; the partioles which helped to make up the vacuoles of ingestion moved so 
vigorously, that I think they must have been, in the main, motile bacteria, and, watching for the act of 
aggregation, I saw that five, six, seven, even nine seconds elapsed after the onset of centripetal move¬ 
ment before there was complete quiescence. A homogeneous rim or shell of colourleas substance seemed 
to encircle the particles which moved freely within it until such time as the stilling force was felt even 
to the centre of the mass. 

This variation illustrates an extreme case of initial localization of the retractile substance; tho 
exceptional factors which are obvious here and may help to give the phenomenon its exceptional 
characters are, preceding secretion of some magnitude on the one hand—on the other, vigorous move¬ 
ments of ingesta; it may be then that the formation or outpouring of the forerunners of the visoid 
matter was languid, or that, this being so, the actively motile partioles determined, in some fashion, 
its localized formation; on the next day the same polypes showed instantaneous aggregation, So that 
the whole condition was only temporary. 


Summary. 

1. Carchesium polypinum offers in many ways a particularly good field for the 
study of some of the processes involved in protozoan digestion; ingestion is often 
eager, digestion may be rapid, and the especially transparent cell substance which 
characterizes this animal allows the observation of both. 

2. One striking feature of any specimen examined after the administration of 
abundant nutriment is the presence of numerous spherical masses of food; these 
may number one hundred in one polype of Carchesium, they show remarkable 
solidarity, and, on the whole, uniform size, and as the solid particles ingested are 
invariably minute, the formation of the relatively large succeeding ingesta is a 
matter of some interest. 

3. Continued watching shows that each spherical food mass springs from one 
vacuole of ingestion, and in the following fashion : the vacuole discharged internally 
from the oesophagus by some obscure impulse, and made up of water, and (as the 
case may he) amorphous matter, motile particles or inert particles, passes towards 
the base of the animal. It pauses internally at the curve made by the nucleus 
in this region, and without further locomotion, or after slight rotatory movement the 
finely divided solids which it contains undergo a sudden and striking rearrangement. 
All the granules present are shifted centripetally, all individual movement is stilled. 
A composite solid, lying in clear fluid surroundings, represents the scattered particles 
of a moment ago. 

3a. To this centripetal shifting the term aggregation may he applied conveniently. It is demonstrable 
most effectively in vacuoles which are made up of much fluid, and but little finely divided solid 

3 C 2 
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matter; it is masked sometimes by the number or 'size of the particles involved. Eurtlior, when the 
ingested matter has a certain definitely complex composition (and there is some evidonco for tiro vio w 
that a soluble food stuff must be present), there is a more pronounced modification of action; two 
centripetal movements of matter may be distinguished—the first, a quick rearrangement by which 
most of the discrete particles present are gathered to form a central “ nucleus ”—tlio socond, a 
prolonged retraction of matter separated out symmetrically or asymmetrically from tlio cloar vacuolar 
fluid, and fitting finally like a shell or cap over the mass first laid down. 

3b. Erom the point of time at which the centripetal gathering of substance takes place the fluid of 
the digestive vacuole begins to show an acid reaction. 

4. The spherical food masses thus welded from scattered fragments then journey 
through the substance of Carchesium in a fairly constant fashion, but for a variable 
time; they are stored occasionally for some hours, while at times the beginning of 
digestion follows at once on the act of aggregation. All the ingesta present are not, 
of necessity, digested synchronously, but this may be regarded as invariable—that the 
storage of matter for any length of time before digestion is accompanied by loss of 
fluid surroundings, and that solution is effected in a fluid medium. Stored ingesta 
are constantly dense and shrunken; solution implies swelling, transparency, the 
persistence or re-formation of a well-marked vacuole. 

5. Digestion may take place at any point throughout a relatively large part of 
the central substance of Carchesium , but the region from which insoluble matter is 
rejected, is, like the place of ingestion, definite. A vacuole of ingestion passes into 
the protoplasm from the extreme internal point of the oesophagus; effete matter is 
passed into the pharynx at the junction of its external and middle thirds from some 
spot in a ridge running transversely to the long axis of the polype in that region. 

6. The ingestion of matter by Carchesium is indiscriminate when the particles 
concerned are sufficiently small, and nutritious and innutritious substances exhibit 
alike the striking centripetal clustering which has been described; the intra-cellular 
sojourn of innutritions bodies is curtailed however, the vacuoles in which they lie at 
first tend to disappear quickly, and there is but rarely that re-formation of fluid 
which is so nearly concerned in the solution of true food-stuffs. 


Explanation op Plate. 

.big. 1. Plan of Carchesiwn, to show the typical path of nutritive ingesta; purely 
diagrammatic. The red line marks the course from which (for the sake 
of clearness) some possible complications are omitted. Arrows indicate 
the direction of movement; the points at which striking actions occur are 
numbered in order. 

1. Ingestion. 

« 2. Quiescence. 
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2a. Aggregation. 

3. Solution. 

4. Ejection. 

These points must he regarded only as the centres of areas which bear 
respectively the same relation to the process of digestion. I have tried to 
denote this by variations in shading, which, however, must be regarded 
as indicating the position of the areas, rather than as defining their extent. 

Area of progressive movement—shaded in rings. 

Area of quiescence—shaded in crosses, 

Area of retrogressive movement—shaded in dots. 

Area of solution (ingesta linger here during digestion)—shaded in 
transverse lines. 

Area of discharge (ingesta gather here before ejection)—shaded in 
transverse and longitudinal lines. 

In all the figures, nuc, = nucleus. 

ph. = pharynx. 
oss . =■ gullet. 

Arrows indicate the movement of vacuoles, or of substances in a 
vacuole. 

The ingesta are often arranged diagrammatically to avoid overlapping, 
and, in figures 3, 4, 5, and 7, are drawn with a camera lucida under 
Oc. 3, Obj. E. Zeiss, and afterwards reduced. The figures are all taken 
from Carchesium polypinum , but 1 have attempted no reproduction of 
the structural details of the animal, nor of such specialized portions of 
its substance as the peristome and the ciliary wreath. The outline of 
the polypes is drawn to scale in order that the localization of the 
ingesta and their size may be realized. 

Fig. 2. A.—Ingestion of Indian ink suspended in water. 

To show (1) usual shape of vacuole of ingestion (i ing .). 

(2) change produced by primary aggregation (K). 

(3) ejection of a mass of Indian ink, from which outside grains 

have been freed (1). 

(4) ejeotion of a mass entirely coherent, as after aggrega¬ 

tion (la). 

B.—Concomitant ingestion of Indian ink and precipitated white of egg 
ing vacuole of ingestion. 

K } aggregation. 

a, 1), c, d, secretion of fluid by means of which the coagulated proteid is 
digested. The undigested grains of India ink remain, and in 
(d) approach the area of discharge. 
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C.—Ingestion of coagulated proteid. 

ing., vacuole of ingestion; proteid particles lie scattered throughout 
the vacuole. 
s, stage of storage. 

d, one proteid mass reduced in size by subsequent digestion. 

Fig. 8. To show digestion of coagulated proteid in Carchesium polypinum. 

Ic, aggregation has just taken place. 

a, stage of storage. 

b, secretion of digestive fluid; increased transparency of dissolving mass. 

c, d, reduction under solvent action of fluid. 

e, undigested remnant approaches the area of discharge. 

Fig. 4. To show digestion of a solid mass, probably of bacteria, •which had been for 
some hours in the stage of storage. 

s , stage of storage ; observation began at 11.45 A.M. 

a, a!, two ingesta sketched at 12 noon. 

b , one of these ingesta. Sketched at 12.10 p.m. ; shows slight increase 

in transparency, and swelling. 

c, 12.18 p.m. Reduction in size begins to be marked. 

d, 12.45 p.m. Digestion has produced far-reaching change; the 

undigested residue still forms a coherent mass, uow with shadowy 
ill-defined edges. 

Fig. 5. To show modifications of the typical digestive act. 

ing, vacuole of ingestion, containing stale white of egg and Indian ink. 
K, primary aggregation; nearly all the grains of pigment have shared 
in the centripetal movement, but the vacuole left outside is not 
clearly fluid. 

&i, second phase of double aggregation; a cap-like mass of substance fits 
over the first pigmented accumulation; clear fluid lies outside. 
s, the same mass after secondary shrinking; storage stage. 
a, later; digestion has begun, and some of the grains of pigment are set 
free into the fluid vacuole. 


I, mu, ir, from other experiments. 

ir, to show distorted aggregation, produced sometimes by the ingestion 
of solid particles with a viscid nutritive solution. 
mu, ingestion of Indian ink with some mucilaginous matter which was 
visible obscurely from the moment of enclosure. 

Fig. 6. Ingesta, of Carchesium polypinum. 

:' a * %> to illustrate interrupted aggregation; in a the terminal grains of 

Indian ink are still in movement; in oq the aggregation is com- 
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plete, but the grains gathered in last are not yet distinguishable 
from the rest. 

b, vacuole of ingestion. Aggregation is just complete ; slender viscous 

threads join the central mass of proteid to the polar boundaries of 
the vacuole. 

c, ingesta lying in a common vacuole; the result of fusion of vacuoles 

during retrogression. 

d } similar fusion of vacuoles towards the end of the stage of solution, 
c, ejected mass of Indian ink; there is a central, solid nucleus and some 
(?) mucilaginous basis unites the outlying granules. 

Fig. 7. Ingesta of Carchesium polypinum. 

a, a ls to show extensive centripetal movement of two fat globules 

enclosed in a very fluid vacuole of ingestion. Arrows mark the 
direction of movement. 

b, carmine and bacteria drawn after aggregation ; movement has been 

slight, and the composite mass is bulky still. 

Zq (the same mass drawn after two minutes); shrinking has gone further, 
the fluid of the vacuole is separated more clearly, 
o, ingestion of milk; the fat globules are held together by some almost 
invisible basis. 

Fig. 8. Ingesta of Carchesium polypinum , illustrating the phenomenon of double 
aggregation. 

a, vacuole of ingestion. 

b, after primary aggregation ; the first solid matter separated out 

leaves the vacuolar contents slightly opaque. 

c, the second slow movement begins. 

d, the second movement is over, and a double mass lies in clear fluid. 
a. In this sequence the second aggregation involves a movement of 

granular matter. 

5, after primary aggregation. 

c , after the second movement; clear fluid is separated out. 

Fig. 0. Adapted from K. Grebe. 

Diagrammatic representation of the alimentary canal in one of the Vor~ 
tioellidce; to contrast the nomenclature of Grebe with that of Lachmann. 
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Pollen Tube. 
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Communicated by W. T. Thiselton Dyer, F.R.S., C.M.G ., C.I.E. 

(From the Jodrell Laboratory , Royal Gardens , Few.) 
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That the deposition of the pollen grain upon the stigma is followed by a process 
of true germination was established by Yan Tieghem as long ago as JL87.1,* who 
pointed out the similarity of its behaviour to that of the spores of Lycopodiacese and 
of many ferns, and indicated that the pollen tube may be compared to the prothallium 
proceeding therefrom, especially in the cases of those prothalli which contain no 
chlorophyll. Its growth is prepared for by the deposition in the grain of several 
forms of reserve material, chiefly of carbohydrate nature. During the process of 
germination these reserve materials have been found to change, indicating an active 
metabolism, while at the same time active respiration goes on, as shown later by 
MANGiN.t Not only do we find reserve materials deposited in the pollen grain, but 
further, we can identify a similar store in the tissues of the style, especially when that 
organ is a long one, and the pollen tube has consequently some distance to travel 
before reaching the ovules. 

In most cases of the storage of reserve materials in plants we find evidence of the 
utilization of such stores by the presence and activity of enzymes. Thus in seeds, 
Gorxjp-BesanezJ Guignard,§ Brown and Morris,|| and others, have proved their 
presence; in tubers, BaranetzkiIF found them in the potato; in leaves. Brown and 

# Yan Tieghem, “Recherches physiologiqu.es eur la rotation libre du pollen, Ac.,” ‘Ann. des 
So. Nat., Bot.,’ 5® s&rie, vol. 12, 1871. 

f Mangin, “ Recherohes sur le pollen,” ‘ Bull. Soc. Bot. do France,’ vol. 3S, 1886. 

t Gobtjp-Besanez, * Deutsoh, Chem. G-esell. Ber.,’ 1874. 

§ G-tjignard, * Journal da Botaniqne,’ 1890, p. 386, et se%. 

|| Brown and Morris, “Researches on the Germination of some of the Grammes?,” * Journ. Chem. 
Soo.,’ 67,1890. 

f Baranetzki, ‘ Die starkeumbildenden Fermente,’ 1878. 
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Morris,* * * § and ViNEst have demonstrated their existence, and their relation to the 
temporary deposits of starch in the chlorophyll grains. The writerj has shown 
various enzymes to exist in seeds and tubers, transforming for the nutrition of the 
plant, proteids, fats, and carbohydrates. 

Pollen being the seat of a germinative process, physiologically comparable to those 
already mentioned, the probability of the activity of enzymes therein, is at once 
apparent. Nor is evidence wanting that such bodies exist there; Van Tieghem§ 
has found that when the pollen of Narcissus, Crocus, and some other species, is 
cultivated in 10 per cent, solution of cane sugar, in no very long time after the 
sowing some of the sugar becomes inverted. The result is brought about when the 
grains are allowed to grow freely, or when such growth is prevented by the presence 
of chloroform in the culture fluid. 

Strasbtjrger|| also points out that when pollen grains are allowed to grow in the 
presence of a very thin starch paste, a transformation of the starch into sugar can 
gradually he noted, indicating the presence of diastase. 

The probability of certain pollen grains containing a cytolytic enzyme has been 
noted by other observers. Thus it has been shown that in the progress of the pollen 
tube of grasses through the tissue of the style it often passes between the cells, 
instead of through them, burrowing thus through the middle lamella. StrahbitrgerII 
notes similar behaviour of the tube in several genera of Dicotyledons, especially certain 
of tie Caryophyllacege and tbe Malvaceae, 

In all these cases, however, the action of the living pollen grain only has been 
observed. The question of an enzyme capable of being extracted by appropriate 
solvents, and of acting while in such solution, still remains open to investigation. In 
a paper which the writer communicated to the British Association at Cardiff, in 
1891,** the existence of diastase in such a condition and the possibility of extracting 
it, were dealt with. Since that date more extended experiments have been carried 
out, which form the subject of the present paper, 

From the work already quoted above, the enzymes which were to be expected in 
pollen grains appeared to be diastase, invertase, and a cytolyst. The presumption in 
favour of the latter was not so strong as that in favour of the two first named, 

* Beown and Mobms, “A Contribution to tbe Chemistry and Physiology of Foliage Leaves” 
‘ Jonm. Chem. Boo.,* May, 1893. 

t Vines, ‘ Brit. Assoo. Reports,’ Cardiff, 1891. 

$ Gbieh, “ On the Changes in the Proteids in the Seed, &o.,” * Phil. Trans./ vol. 178,1887, B. Ibid., 
“On the Germination of the Seed of the Oastor-oil Plant,” ‘Proo.Boy. Boo,' vol. 48, p. 37o! Ibid'., 
“ 0a G6rm 'nation of the Tnbers of the Jerusalem Artiohoke," ‘ Ann. of Botany/ February, 1888. 

§ Vis Tushsm, ‘‘Inversion dn Snore do Oanne par le pollen,” < Bull. Soc. Bot. de France/ vol. 88, 
1886. 

| STMsmmoKE, “ tJeber fremdartige Best&ubung,” * Jahrb. f. wiss. Bot,,’ vol, 17, p. 94. 

Vntersuchungen iiber den Befmohtnngsyorgang bei den Phanerogamen,” 1884. 

, IAssoo, Reposts,’ Cardiff, 1891, p. 696. 



POLLEN GRAIN AND THE NUTRITION OF THE POLLEN TUBE. 


387 


though it was supported by the discovery of such an enzyme by Marshall Ward in 
the hyphse of a species of Botrytis examined by him in 1888.* These hyphse were 
found to perforate cell walls in much the same way as pollen tubes make their way 
through the tissue of the style and ovary, and they yielded on appropriate treatment 
a fluid which softened and dissolved cellulose, just as the extracts of the scutellum of 
Barley grains prepared by Brown and, Morris.! The appearance and mode of 
growth of the pollen tube simulate very closely the phenomena observed by 
Marshall Ward in the development of the mycelium of the Botrytis. 

The method adopted in investigating the existence of isolable enzymes in pollen 
was the following. Flowers were selected whose stamens were just beginning to 
dehisce and the pollen extracted from them by careful dissection. When a large 
quantity of pollen was required, such stamens were taken out and allowed to dry at the 
ordinary laboratory temperature in watch glasses ; they slowly opened in drying and 
were then well shaken and sifted through fine muslin. The pollen so collected was 
ground up in a glass or agate mortar, till microscopic examination showed most of 
the grains disintegrated. In some cases the powder was then mixed with thin starch 
paste (1 per cent.), and the effect observed. In others, the powder was suspended in 
either glycerine or 5 per cent, solution of NaCl, to which *2 per cent, of KCy was 
added as an antiseptic. In yet other cases, a few drops of either chloroform or oil of 
cinnamon were used to keep away bacteria, the latter essence having been shown by 
Cadeao and MeunterJ to be a strong bactericide. The extracts were allowed to 
stand for a few hours and then filtered, and the resulting filtrate used to act on starch 
paste, or solution of cane sugar. Sections of delicate cellular tissue were used to 
examine for the cytolyst, being put in a small quantity of the extract in watch- 
glasses. The digestions were carried out either at the ordinary laboratory tempera¬ 
ture, or at 38° C. in an incubator, controls, in which the extract had been boiled for 
several minutes, being carefully kept in each experiment. In many cases it was found 
that the pollen extracts themselves had the power of reducing Fehling’s fluid. When 
this was the case, a further control was prepared, consisting of the extract diluted 
with water instead of either cane sugar solution or starch paste, the proportions being 
carefully adjusted in each set, so that they might be strictly comparable. After a 
sufficient time had been given for action, the quantity of reducing sugar formed in 
each digestion tube was determined by the method of boiling with excess of Fehling’s 
fluid, filtering, combustion, and weighing the resulting CuO. When chloroform or oil 
of cinnamon were ased as antiseptics, they were removed by boiling the solution till 
they had evaporated, before titrating with the Fehling’s fluid. 

* ‘ Annals of Botany,’ II., 319. 

f “ Researclies on the Germination of some of the Graminese,” ‘Journal of the Chemical Society, 
June, 1890, 458. 

$ ‘Ann. de l’lnst, Pasteur,’ vol. 3, 1889, p. 317. 
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In the case of diastatic action, the effect of adding iodine from time to time to 
a portion, of the digestion was also noted. 

Details of some of the experiments in each case are appended. 


I. Diastase. 


Lilium candidum. —1. Ground pollen used without extraction—A quantity of the 
ground pollen, the contents of two anthers, was mixed with 10 cub. centims. of thin 
starch paste of 1 per cent, strength, 5 cub. centims. boiled and cooled, 5 cub. centims. 
left as prepared. 

After 46 hours the unboiled tube gave a purple colour with iodine, the boiled one 
a blue. After 24 hours longer action the unboiled tube gave no colour with iodine, 
while the control became blue. Testing now with Fehling’s fluid, the unboiled tube 
gave a copious reduction, the control gave none. 

2. Glycerine extract prepared from pollen from several stamens, as described above. 
When filtered, 5 cub. centims. were boiled, and 5 cub. centims. taken as prepared. 
Each was mixed with 5 cub. centims. starcb paste and exposed at the temperature of 
the laboratory. At intervals, the two were tested with iodine, usually ten drops 
being taken from each. The results are expressed in the following table. 


Time of digestion. 

Unboiled e 

26 hours 

Purple-1 

2 days 

Purple 

3 „ 

Red-bro 

6 „ 

Colourle 


Boiled extract. 


The contents of the tubes were then boiled with Fehling’s fluid, when the unboiled 
gave a copious reduction and the boiled one a faint trace. 

Though the action was carried on for several days, no bacteria appeared in either 
tube. The filtrate, as prepared was quite clear and free from any debris of pollen, 
Helianihus .—Pollen very small. 1. Mixed at once with 1 per cent, starch paste, 
and half the mixture boiled. Digested both at 18°C. and at intervals tested a few 
drops with iodine. 


Time. 

Unboiled. 

Boiled. 

2 days. 

Red-purple 

Blue 

3 n 

Colourless 



these digestions separately with Fehling's fluid, the unboiled gave a 
copicms reduction, the boiled one scarcely a trace. 
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2. Glycerine extract of ground grains prepared as in case of Lily. 


Time of action. 

Unboiled. 

Boiled. 

1 day 

I dish-purple 

Bine 

2 days 

1-brown 

99 


The action was stopped at this point, and each tube boiled with Feeling’s fluid. 
The unboiled reduced it copiously, the boiled one gave hardly a trace of Cu a O. 

Coy'ylus avellana .—Extract made by steeping ground pollen in 5 per cent. 
NaCl + *2 per cent. KCy solution for twenty-three hours and filtering. In this 
case further controls were prepared, the tubes being mixed as follows:— 

A. 5 cub. centim. extract + 5 cub. centims. 1 per cent, starch paste. 

B. 5 „ „ boiled -f 5 cub. centims. 1 per cent, starch paste. 

C. 5 „ extracting fluid + 5 cub. centims. 1 per cent, starch paste. 

D. 5 ,, water + 5 cub. centims. 1 per cent, starch paste. 

These were left to digest at 20° C. in the laboratory, with the following results 
when samples were treated with iodine. 


Time of digestion. 

A. 

B. 

C. 

D. 

19 hours 

Red-purple 

Red-brown 

Blue 

Blue 

Blue 

44 „ 

i) 

99 

jj 


On boiling the remainder of each with Fehling’s fluid, at the end of the 44 hours, 
A reduced it copiously, the others not at all. 

Comparing this experiment with those previously narrated, the advantage of the 
salt solution over glycerine as a solvent is evident. 

Lilium pardalinum .—A more careful quantitative experiment made with the pollen 
of this species may be quoted here, though it was made with another object which 
will be referred to later. *3 grm. of pollen was weighed out, carefully ground up 
and mixed with 60 cub. centims. of starch paste (1 per cent.). After agitation to 
ensure an equal diffusion of the debris with the starch, it was rapidly divided into 
two, and half of it heated for fifteen minutes in a water bath to 98° C. The two, 
labelled P and P&, were then put for three days in an incubator at 38° C. At the end 
of that time P was perfectly limpid and clear, while P b was apparently unchanged. 
No bacteria had developed. They were both then passed through filters to remove the 
debris of the pollen, which had settled to the bottom of the beakers, and the filtrates 
boiled with excess of Fehling’s fluid. Both gave a reduction, that of the control being 
less than the other, and no doubt due to a reducing sugar which other experiments 
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had shown to be present in the pollen of this species, as will be described later. The 
resulting precipitate was thrown in each case on to a filter, washed, dried, and after 
combustion in a crucible, weighed as CuO. The results were as under :— 


P. 

Gross weight of crucible, ash of filter, and CuO 1*357 grm. 
Weight of crucible and ash. 1*246 „ 


P&. 

1*282 grm. 
1*246 „ 


Weight of CuO 


•111 „ *036 


There was a quantity of reducing sugar in the grains of pollen represented by 
*036 grm. CuO. Deducting this from the CuO found in P., we have *075 grm. of 
CuO, due to the sugar formed by the diastase in half the *3 grm. pollen used. 

These experiments show that diastase exists in pollen, and that it can be extracted 
as readily from the grains as from the cells of other parts of the plant. 

Besides the species already mentioned, experiments showed its presence in the 
pollen of Gladiolus, Anemone, Antirrhinum, Tropseolum, Pelargonium, Crocus, 
Brownea, Helleborus, Alnus, Tulipa, and Clivia; also in that of Zamia after ger¬ 
mination begins. The action on starch grains suggests that it belongs to the translo¬ 
cation variety of Brown and Morris,* as it dissolves the starch grains without 
corrosion. More on this point will, however, be described in connection with experi¬ 
ments made on the pollen tube and its contents. 


II. Invertase. 

The first experiments made with a view to the identification of this ferment were 
qualitative only. 

Mucharis grandiflora ,.—Pollen was collected from several anthers just commencing 
to dehisce, and was ground up in an agate mortar, and mixed with 10 cub. eentims. of 
solution of 5 per cent. NaCl and *2 per cent. KCy. After standing 20 hours it was 
filtered till clear; 2 cub, eentims. of this extract were then mixed with 10 cub. 
eentims. of a weak solution of cane sugar, and a similar control was prepared with 
2 cub. eentims. of the extract boiled. 

The two were tested at intervals by boiling 1 cub. centim. of each with 1 cub. 
centim. of Fehling’s fluid diluted with 4 cub. eentims. of water. Results were as 
under:— 


+ AJm Gesrh on “Vegetable Ferments,” «Ann. of Bot.,’ voL 7, p. 86.—March, 1893, 
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,r 

Time. 

Unboiled. 

Boiled. 

After 19 hours . . 

„ 43 „ . . 

„ 6 days . . 

Trace of reduction 

Liquid turned yellow, but 
gave no precipitate 

Copious reduction and pre¬ 
cipitate of Cu 3 0 

No reduction 

Faint greenish tint replaced 
the pure blue 

No further reduction 


The pollen used in this case was only the contents of three or four small anthers, 
but the result shows that a workable quantity of invertase can be extracted from 
even so little. 

Narcissus papyraceus albus .—The pollen, after grinding up, was extracted in this 
case by 10 cub. centims. dilute glycerine, to which ‘5 per cent, of asparagin had been 
added, according to the suggestion of Effront,* the amide having the property of 
accelerating the action of any enzyme present. 

After extraction the residue was filtered off and suspended in another 10 cub. 
centims. of the same mixture, with a view to ascertaining whether all the enzyme 
could be extracted by one exposure to the fluid. The extracts were labelled A and B 
respectively. 

5 cub. centims. of each was then boiled, and digestion tubes were prepared as 
under:— 

A. 2 cub. centims. extract A + 2 cub. centims. solution of cane sugar; 

B. Boiled control; 

C. 2 cub. centims. extract B 2 cub. centims. solution of cane sugar; 

D. Boiled control; 

E. 2 cub. centims. glycerine mixture + 2 cub. centims. solution of cane sugar, 

without either extract. 

All were placed in the incubator at a temperature of 38° C. 

After 24 hours a small sample of each was boiled with Fehling’s solution. A gave 
a strong red reduction; C a yellowish-red one; while the controls all alike showed a 
faint greenish tinge, presumably due to a trace of inverted sugar in the cane sugar 
used. 

After a further 24 hours the differences noted were intensified, showing a pro¬ 
gressing inversion in A and C. The controls remained as before, all showing a very 
slight trace of reduction. 

The pollen was thus shown to contain invertase, and to yield it up only incom¬ 
pletely to extraction. 

Some quantitative experiments were subsequently made upon two other species. 

Narcissus pseudo Narcissus .—A quantity of pollen, weighing *4 grin., was ground 

* Effbgnt. Sur les Conditions Ghimiques de 1*Action des Diastases,” ‘ Comptes Rendus,’ vol. 115, 
p. 1824.—December 26,1892. 
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up in an agate mortar, and mixed witH 100 cub. centims. of salt mixture (5 per cent. 
NaCl + '2 per cent. KCy), and allowed to extract for several days. The mixture 
was then filtered, and the filtrate examined microscopically, and found to be free 
from bacteria. As invertase had been demonstrated to exist in an allied species, a 
boiled control was not employed in this experiment. 

Two tubes were prepared, one containing the extract + 100 cub. centims. of cane- 
sugar solution, and the other 100 cub. centims. of the same salt mixture as that with 
which the pollen had been extracted, added to the same quantity of sugar solution. 
After three days’ action, the two were boiled with excess of Eehling’s solution, and 
the resulting precipitate was filtered off, washed, and subjected to combustion in a 
pla tin um crucible. The quantity of CuO from the one was *038 grm., and from the 
other *021 grm., giving *017 grm. CuO due to invert sugar, produced by the action of 
the invertase on the sucrose. 

Narcissus poeticus .—*1 grm. of pollen was taken and extracted in 15 cub. centims. 
chloroform water, without bruising, for two days. Then it was filtered, and the 
filtrate added to 25 cub. centims. of 10 per cent, solution of cane sugar. A control 
was prepared, consisting of 15 cub. centims. chloroform water and 25 cub. centims. of 
the same sugar solution. A few drops of oil of cinnamon were added to each as a 
further antiseptic,* and the two were digested at the ordinary laboratory temperature 
for four days. Then, after boiling for some time till the chloroform and oil of cinnamon 
were removed, they were again boiled with excess of Feeling’s fluid, and the oxide 
filtered off, washed, heated in platinum crucible to redness till the weight was 
constant, and weighed. The control gave *0098 grm., the pollen extract gave *0978, 
or nearly ten times as much. 

Besides these pollens, invertase was found in that of Helleborus } of Bichardia (the 
so-called Arum-lily), of Liliumpardalinum, and of Zamia shinneri . 

Of other pollens examined for the two enzymes, diastase was found to be absent 
from Lupinus, Lathyrus, Eucharis, Bichardia, and Narcissus; invertase was not 
found in Alnus and Olivia. 

A few experiments were made with a view to determining the existence of a 
cytolyst and a proteolyst, but in no case could either be found. 

The enzymes present in resting pollen grains are, therefore, chiefly diastase and 
invertase, but their distribution is irregular, some containing one, some the other, and 
some both. Where diastase occurs, it is the form described by Brown and Morris as 
the “ translocation” variety. This is apparently the form indicated in Strasrurger’s 
experiments already referred to. 

The enzymes are with difficulty completely extracted by solvents, even several 
days’ action of the various extracting fluids leaving some behind in the residue. Of 
the solvents used, 5 per cent. NaCl solution is the most effectual 


Cadkac, op. (fit. 
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Changes in the Quantity of Enzyme during the Germination of the Pollen Grain 
and the Growth of the Pollen Tube. 

Many experiments were made with, various pollens to ascertain which species would 
germinate most freely, and in what culture fluids they could most easily be made to 
put out pollen tubes. Eventually, various species of Narcissus and of Lilium were 
selected as yielding invertase and diastase respectively. The pollen of these genera was 
found to germinate in water, and in various strengths of cane-sugar solution. Borne 
experiments made with the pollen of Zamia skinneri also yielded instructive results. 

In making these experiments, a quantity of pollen was collected from several 
hundreds of anthers, and equal weighed quantities were cultivated on glass plates 
under bell jars over water. As it was impossible for them to grow in the presence of 
antiseptics, the cultures were carefully watched and examined at short intervals to 
guard, as far as possible, against the danger of ruining the experiment by the intro¬ 
duction of micro-organisms. In many cases the tubes attained a good degree of 
development in a few hours, some species of Lily putting them out in two hours or 
less. In other cases, the cultures proceeded for one or two days in safety. After the 
culture was made, the germinating grains and their tubes were digested under various 
conditions with either cane sugar or 1 per cent, starch paste, further germination 
being inhibited by addition of antiseptics, usually *2 per cent, of potassic cyanide. 
Controls with ungerminated pollen, or extracts of it, were kept side by side with the 
others. In some cases, the cultures were dried on the plates at a low temperature 
(40° C.), and the dried residue collected and ground up in the agate mortar, the 
controls in each experiment being treated in the same manner as the cultures. 

The most striking experiment with invertase was made on the pollen of Narcissus 
poeticus. The pollen was collected from 906 anthers, a quantity weighing *3 grm. 
being yielded by this number. This was divided into three parcels of T grm. each. 
One parcel (A) was steeped at once in 10 cub. centims. chloroform water; another 
(B) was set to germinate in water on a glass plate; and the third (C) similarly in 
cane-sugar solution (15 per cent.). When germination was well advanced the 
cultures were carefully washed from the plates, and all made up to 15 cub. centims. 
with chloroform water. They were then all filtered, mixed with 25 cub. centims. of 
10 per cent, cane-sugar solution, and allowed to digest for 93 hours at the ordinary 
laboratory temperature. 

At the expiration of this time, after removal of the chloroform by boiling for some 
time, 20 cub. centims. of each were again boiled with excess of Eehung’s solution, 
and the copper oxide filtered off, washed and weighed, after combustion, in a 
platinum crucible. 

A yielded T grm. CuO; B, *24 grm.; and C, '65 grm.; a blank experiment 
showing *01 grm. 

Calculating the sugar produced , in each case in 100 cub. centims, of the digestion 

MDCCCXCIV.—B. 3 E 
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of the Lily has a very strongly thickened coat, impregnated with a considerable quan¬ 
tity of a resinous colouring matter, rendering extraction a matter of some difficulty. 
An experiment was consequently made to ascertain whether extraction could be 
complete by the use of a solvent, or whether, as in so many cases, particularly of 
leaves, # the residue of the grains after extraction retained much of the diastase. Two 
parcels of pollen of L. pardalinum were taken, each weighing -2 grm. One was put 
to germinate in water, and the other steeped at once in water containing *2 per cent, 
of potassic cyanide to inhibit this process. After the tubes had obtained a fair 
length, the culture was filtered and the filter washed with water, the washings being 
added to the filtrate. The grains, with their tubes, were then extracted with the 
usual salt mixture for 48 hours, when the extract was filtered off. The residue was 
then suspended in a further quantity of the extracting fluid. The other parcel was 
treated similarly, so that there were prepared from each a filtrate from the culture, a 
salt extract of the grains, and a residue suspended in fluid. Each of the six was made 
up to 25 cub. centims., and the KCy adjusted that each should contain '2 per cent, of 
the antiseptic. The two sets were labelled G and H respectively, and each 25 cub. 
centims. was mixed with 30 cub. centims. of 1 per cent, starch paste. Digestion was 
carried out for three days at 18° C., its progress being noted by testing a few drops 
with iodine at regular intervals, and finally titrating with Fehling’s fluid. The first 
outcome of the experiment was that the total diastase was increased by about 50 per¬ 
cent. in the germinated pollen. There was a good deal of difference in the distribution 
of the diastase in the several digestions of the two sets. Of the total amount found 
in the G set, 45 per cent, was in the filtrate, 29 per cent, in the extract, and only 
26 per cent, in the residue; while in the H set, with a smaller total quantity, 23 per 
cent, was in the filtrate, 13 per cent, in the extract, and as much as 64 per cent, in 
the residue. This shows how difficult it is to extract the enzyme from the thick- 
walled pollen grain, and how relatively easy to obtain it from the thinner-walled 
pollen tube. The total result, however, shows that the increase observed in the 
whole experiment is a real one, and not a question of incomplete extraction. 

One experiment made upon this pollen appears to indicate that the increase noted 
above is not an immediate one, but that it is preceded by a diminution during the 
early stages of the growth of the tube. This is a different result from that arrived at 
in the case of the invertase, and shows that the process is not exactly alike in all 
cases. Too much stress should not he laid upon it, though the results are rather 
striking. It was made with the last sample of the pollen of L. pardalinum which 
would germinate, and for want of fresh material it oould not he repeated. The pro¬ 
bable explanation of the result will be dealt with later, when discussing the general 
question of the formation of the pollen tube. In conducting the experiment two 
pafroete of the pollen, each weighing -1 grm., were taken; one was ground up at once 

* Of* BROVftj said Morris, “ On the Chemistry and Physiology of Foliage Leaves,’* ‘ Journal of the 
Cham. SoA/ May, 1893, p. 634. Also Vises, * Annals of Bot.,’ 1891, p. 409, 
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and steeped in water, the other was germinated for seven hours, till fair tubes had 
made their appearance. The culture was then removed from the plate, and the grains 
and tubes ground up as in the case of the other parcel. Without filtering, each was 
mixed with 20 cub. centiras. of 1 per cent, starch paste, and put in the incubator at 
38° C. At the end of 18 J hours both were filtered rapidly, the filtrates boiled with 
excess of Feeling’s solution, and the resulting precipitate treated as usual. The 
final weights of CuO were— 

From the digestion with germinated pollen '036 grm., corresponding to *027 grm. 
maltose. 

From the digestion with ungerminated pollen *0595 grm., corresponding to 044 *grm. 
maltose. 

(1 grm. of maltose reduces 1*345 grm. of CuO.) 

The course of action in the pollen of Lilium pardalinum appears, therefore, to be 
that during the first few hours of germination, there is a diminution of the quantity 
of diastase, followed by a recovery and subsequent increase. 

Some further experiments with reference to the existence of diastase were carried 
out on the pollen of Zamia skinneri , one of the Cycads. The pollen grains of this 
plant differ from those of the Lily in not containing starch as a reserve material, 
though when their tubes are growing in a suitable environment, starch soon makes its 
appearance in them. The pollen grains of Zamia are roundish to oval in shape, with 
a crease-like mark down their longest diameter. They will not germinate in water, but 
will do so fairly readily when sown upon pieces of boiled or raw pear or apple pulp. 
Less freely they may be cultivated in the expressed and filtered juice of either of these 
fruits. As said above, they contain no starch. Examination was made by mounting 
them in a stroDg solution of chloral hydrate, to which a little alcoholic tincture of iodine 
had been added. This reagent slightly swells the grains, and at the same time renders 
them extremely transparent, while the iodine colours any starch that may be there. 

Experiments failed to show any sufficient evidence of diastase in the resting grain, 
though it was sought for carefully, as starch soon appeared when the germination 
began. 

Several experiments made with apple juice and its various constituents taken 
separately, soon showed that the question of the growth of the tube mainly turned 
on the question of the absorption of carbo-hydrate material, and that the vegetable 
acid of the juice is not essential, though it is possibly advantageous. The process of 
germination was very slow, so slow indeed that usually the cultures were spoiled by 
the growth of moulds, the mycelia of which could be seen to be infesting the cone. 
In all cases, however, the output of a pollen tube was preceded by the appearance of 
starch in the grains, and it was soon possible to detect the commencement of germi¬ 
nation by this occurrence, which generally was noticeable about twenty-four hours 
after sowing the pollen. 
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To determine whether germination was accompanied by a development of diastase, 
which would probably mean the same thing as an increase of the original quantity in 
the case of the Lily, three equal parcels of pollen were taken. One was steeped in 
water, and one in apple juice, while the third was used dry. After two days the grains 
soaked in juice were swollen and contained numbers of starch granules; those steeped 
in water were swollen like the others, but contained no starch : their protoplasm was 
somewhat more granular than before. The two were then dried in the incubator at 
38° C., and all three ground up separately, and extracted with *2 per cent. KCy 
solution for twenty-four hours, the acidity of the residue of the juice being carefully 
neutralized before extracting. The extracts were filtered, and mixed with a little 
1 per cent, starch paste. Care was taken especially to see that all three were exactly 
alike in the quantity of starch, of KCy, and of water, also that the reaction was alike 
in all three. 

Each was then divided into two, and half of it boded for fifteen minutes on a water 
bath. Action was allowed to proceed in the incubator at 38° C. for three days, when 
it was stopped, and the several digestions boiled with excess of Fehling’s fluid, The 
resulting precipitates were collected on filters of known ash, and washed with Hot 
water. The filters were then dried and subjected to combustion in a platinum crucible 
till the weight was constant. 

The results were as under:— 


Juice culture. 

Unboiled tube. 

Boiled tube. 


gran 8. 

grins. 

Weight of crucible, ash, and CuO 

V304 

1-298 

Weight of crucible, 1-244 grm. "1 
„ ash ‘001 „ / 

1-245 

1-245 

Weight of CuO. 

•059 

•053 


giving *006 grm. reduced by the maltose produced by the diastase in the germinating 
grains. 


Neither the resting grains, nor those that had been steeped in water gave any 
evidence of diastatie action, there being only the merest suggestion of reduction on. 
boiling the digestions with Feeling’s fluid. 

In Zamia, then, as starch is produced after the absorption of sugar by tbe pollen 
grains, and before visible germination commences, there is a simultaneous formation of 
diastase to provide for its digestion. No such formation takes place, unless the sugar 
^absorbed. Either cane sugar , or grape sugar will give rise to this appearance of 
Iffthe antecedent cenditicai of the diastase may .be, or ^j^ber, it is 
tjf.protoplasm when BeqtMred^ is a |K>kt that wift 1^ jarred jbo later. 

fact with regard to the diastase of thf, pmdalinum 
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may be narrated here. Attempting to confirm the initial diminution of diastase on 
the commencement of germination, as described above, the pollen was found to have 
lost its power of putting out tubes. Out of a large quantity sown, very few grains 
even commenced growing. It seemed desirable to investigate the diastatic power of 
the pollen in this condition, and to see whether any connection could be traced 
between the power of germinating and the activity of the enzyme. The pollen 
remaining weighed *3 grm.; it was ground up in an agate mortar and mixed with 
60 cub. centims. of starch paste (1 per cent.). Half of it was then boiled for fifteen- 
minutes, and the two were set side by side in the incubator at 38° C., labelled P and P b 
respectively. 

The digestion was continued for 22*75 hours, when both were boiled with excess of 
Fehling’s fluid, and the resulting precipitates collected, treated as usual, and weighed 
as CuO. Deducting the small amount yielded by P b, which was due to a little sugar in 
the pollen, P had formed sugar corresponding to *075 grm. CuO, which, estimated as 
maltose, equals *057 grm. 

While this pollen still retained the power of germination, the experiment described 
on pp. 396-397 had been carried oiift with it, and as the diastase in the grains before 
germination was then determined, the two experiments may now be compared. In the 
first, *05 grm. of pollen yielded diastase which, working in the presence of excess of 
starch, formed. '044 grm. maltose in 18*5 hours. In the second, *15 grm. pollen, 
working under the same conditions exactly, formed *057 grm. maltose in 22*75 hours. 
Beducing these two to '05 grm. pollen, working for one hour, we get, in the first case,, 
a formation of *0024 grm., and, in the second, of only *0008 grm. of maltose, showing that 
with the failure of power -to germinate, the amount of diastase was reduced to one- 
third the original quantity. 

(jh'owth and Nutrition of the Pollen Tube. 

The variations in the amount of enzyme obtainable from the grains at different 
periods of their life, taken in connection with the different contents of the grains of 
various species of plants, suggested that the growth and development of the pollen tube 
is not a uniformly simple process, but one showing a very definite relation to the 
environment in which each finds itself, and to the various nutritive materials occurring 
in the grains themselves, and in the styles of the plants to which they belong. 

To examine this in some detail was the object of many experiments, of which the-, 
most important were made upon the pollen of Narcissus , Lilium, and Zamia. All 
.these can be made to germinate with fair success, the last named being the most 
refractory, and its cultivation, for the reasons already stated, being attended with 
most difficulty. r 

The grains were sown in various media, in hanging drops in closed glass chambers 
which could be transferred to the stage of the microscope. The most convenient form.. 
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of chamber was that first used by Professor Marshall Ward. It consisted of 
a glass tube, in the centre of which, an oval bulb was blown. This was broken above 
and below, and the two apertures of the fracture ground smooth. One aperture was 
then cemented to a glass slide, while a coverslip, on which was placed the hanging 
drop, was laid upon the other, the chamber being kept full of moist air by loosely 
plugging the ends of the tube with wetted cotton wool. The chamber and the cover- 
slip were luted by a little olive oil. In these tubes the cultivation proceeded satis¬ 
factorily for several days. 

The grains of Narcissus grew fairly well in drops of water, but were best developed 
in solution of cane sugar, 15 per cent, being found to be the most favourable degree of 
concentration. After two or three days, the tubes attained a length of 20 or 30 times 
the diameter of the pollen grain. They were long narrow tubes with clear transparent 
walls, and had usually somewhat dilated ends, in some cases forming globular swellings, 
which were often larger than the grain itself. These globular ends had softer and 
thinner walls than the rest of the pollen tube. When, as was not infrequently the 
case, the end did not dilate, the walls of the tip were thicker than those of the rest of 
the tube. The mode of growth suggested a good deal of internal tension, accom¬ 
panied usually by a softening of the tip, much like that of the bypbse of Botrytis, as 
described by Professor Marshall Ward.* In most cultures the globular swellings 
did not appear, and it is probable that they are abnormal appearances produced by 
mal-nutrition. In the Lily pollen tubes they never occurred, the wall there not being 
particularly different at the ends and along its length. The contents were always 
vacuolated, with an accumulation of granular matter, particularly towards the tip. 
The granules were very large and refringent, In external contact with the tip of the 
pollen tube generally a large number of these refringent granules appeared, looking 
as if extruded from the tube. That this was the case seems probable, for, in many 
instances, the two masses of grannies within and without the tube seemed almost 
continuous, the thin wall, however, being usually visible between them. In one case 
an appearance was presented supporting strongly the idea of excretion from the tube ,* 
this was in a tube of Narcissus poeticus , where a well-defined aperture, with regular 
and even edges, was visible on one side of the tip just behind the apex, and the 
granules could be seen streaming from it. This aperture bad not the appearance of 
an irregular rupture, which was observed many times in swollen tubes.t. 

The protoplasm surrounding the vacuo!ation all along the tubes was extremely 
granular, and the more so the more quickly the tubes had been developed, Yery 
marked movements or currents of circulation were exhibited by the protoplasm, 

; ait. _ 

,‘^.Yax in .his paper on pollen already referred to, describes similar appearances. He says 

-Pi 6 ? 06 ^ ^t.tKe eD d °f the terminal swelling, sometimes at a single |>oint, when the 
ft* 111 Of A or tear, many points, each 
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particularly in the tubes of the Lily. The tubes of Zamia developed very slowly, 
and the culture was always ruined by the appearance of mould before they had 
attained a length of more than five or six times the diameter of the pollen grain. 
They were chiefly noteworthy for certain peculiarities in their reserve materials. 

In most of the cultures, besides the appearances described leading to the hypothesis 
of extrusion of granules without rupture of the tube, a large number of the tubes 
ruptured irregularly, often suddenly, with a violent expulsion of the finely granular 
protoplasmic contents. Sometimes a piece of the tube was broken off, sometimes the 
split was lateral. This appearance is no doubt abnormal, and due to excessive 
absorption of water from the liquid culture medium, which is not the environment 
naturally furnished. The distension of the tip alluded to is possibly due to the same 
cause. The granular matter extruded from these ruptures was very different to 
the refringent granules leaving the tube at the apex and remaining for a time in 
contact with it. 

During this process of development and growth it is evident that the tube must 
receive nutriment in some form. The appearances described and the evidence already 
given of the excretion of ferment into the culture fluids point to a source of this 
nutriment in the tissue of the style. At the same time, it has been shown by 
De Planta, Mangin, and others, that the grain itself is a storehouse on a small 
scale, various grains differing in the nature of their contents, the latter, however, 
being almost always starch or some form of sugar. 

The presence of starch in those pollen grains in which it exists can be readily 
demonstrated by mounting the mature grains in strong solution of chloral hydrate to 
which a little alcoholic tincture of iodine has been added. After a few hours the 
chloral hydrate renders the grains nearly transparent, while the iodine stains the 
starch. When treated in this way the starch grains appear usually as very minute 
specks embedded in the brown-stained protoplasm. Their number varies very much, 
some grains staining almost black from the amount present; others showing the 
isolated specks with great distinctness. Examining pollen* of L. jpardalinum in 
different stages of development it became evident that the starch begins to be 
deposited there early in the maturing of the anthers, and that the quantity gradually 
increases till the pollen grains are mature. In ripe grains some granules were seen 
to give not a blue, but a purplish-red colour with the iodine. 

In many pollen grains the quantity of starch increased at the onset of germination 
when the latter took place in a nutrient fluid.* In Zamia, as already mentioned, no 
starch is present in the resting grain, but germination is always preceded by its 
appearance. As this secondary storage is not observable in water cultures, the 
inference is clear that a larger supply of nutritive material than serves for immediate 
requirements leads to the reinforcement of the reserves of the resting grain, 

A second reserve material, not uniformly present, is dextrin, to which the purple-red 
* This was noted hy Man qin in his experiments on respiration'of pollen, Zoo. cit., p. 517. 

MDCCOXOIV. — B. 3 V 
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colour of certain of the granules is due. This is probably not a constant constituent, 
but due to enzyme action within the grain, as will appear later. 

The presence of various sugars has been pointed out by many writers, particularly 
by De Planta, who found 14 per cent, of cane sugar in the pollen of Corylus 
avellancc* and 11 per cent, in that of Pinus. In experiments on this group of 
constituents, the pollen of Lilium pardalinum was especially examined for the 
presence of cane sugar. A quantity of pollen was taken, which weighed 2 ‘346 grms. 
It was carefully washed with ether till all colouring matter was removed, when its 
weight was 2 061 grms, showing a loss of *285 grin , or 12T5 per cent, due to resin 
and colouring matter. It was then extracted with boiling absolute alcohol on a 
water bath, an inverted condenser being fitted to tho flask. After an hour it was set 
aside to cool, and allowed to remain under the alcohol for some days. The latter was 
then decanted off, and the pollen again extracted as before with a fresh quantity of 
the spirit. The second extraction was followed by a third, conducted similarly. The 
alcoholic extracts were mixed together and evaporated to dryness on a water bath, 
when a sticky residue was left. This was dissolved in 36 cub. centims. of water and 
the solution divided into two equal quantities. Half was mixed with an appropriate 
quantity of pure invertaset and digested in the incubator at 36° C. for several hours, 
to invert any cane sugar present. 

After this digestion was complete, both quantities were boiled with excess of 
Fehling’s solution, the resulting precipitates collected on filters of known ash, 
washed, dried, and incinerated in a platinum capsule till the weights were constant. 
These were found to be as under :— 


I Crucible + ash. + CuO 
j Crucible + asb 

| CuO 


Inverted half 


1413 grms. 
1251 „ 

0162 „ 


Hum verted ball 


13065 grins 
1251 „ 

055 „ 


The increase in reducing power was due to the inversion of cane sugar by the 
invertase. In the 36 cub. centims. of extract there was therefore cane sugar 
corresponding to 2 (0*162 — *055) or '213 grm. CuO. The invert sugar arising from 
the inversion of 1 gram of cane sugar reduces 2*321 grms. CuO, therefore *213 grm. 
CuO corresponds to *091 grm. cane sugar. As this quantity was found in 2*346 grms. 
pollen, the latter contained 3*9 per cent. 

The other sugar was most likely (though not certainly) maltose, judging from the 

# TJeber die obemische Zusammensetznng des Blutienstaubes der Haselstaude,” * Landwirth. 
Peasubbs j* 6® Reslie, 1884 and 1885. 
t Kindly sent me by Mr. Horace T. JBrowx. 
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presence of starch, a little dextrin, and diastase in the pollen grain. Computing it as 
maltose, there would be in the total extract a quantity corresponding to a reduction 
of 2 (’055) or ’ll! grm. CuO. 1 gram of maltose reduces 1*345 grm. CuO, therefore 
the extract contained *083 grm., which equals 3*54 per cent, of the dry weight of the 
pollen used. 

An examination was also made of the sugars present in the pollen of Lilium 
tigrinum. This pollen contained but little starch, and was very strongly impregnated 
with resinous sticky matter, the grains being thereby coloured a dark red-brown. 

The parcel of pollen taken weighed 2*24 grms. It was repeatedly extracted with 
ether as before till the solvent came away colourless. Dried and weighed, it was 
found to have lost *7 grm., or 31*2 per cent. It was then extracted as before several 
times with boiling absolute alcohol, the several extracts mixed and evaporated to 
dryness on the water bath. The residue was dissolved in 300 cub. centims. water and 
neutralized with a drop or two of weak ammonia. 

The extract was now divided into three : 100 cub. centims. were boiled at once 
with excess of Fehling’s fluid and the CuO ascertained as before. The final weight 
was *041 grm. CuO, or *123 grm. computed for the whole quantity. 

100 cub. centims. were warmed with an appropriate quantity of pure invertase 
in the incubator at 38° O. for several hours, and then treated as the first 100 cub. 
centims. This gave no evidence of inversion by increase of reducing power. 

The third 100 cub. centims. were boiled for two hours with 2 per cent. H a S0 4 in 
a flask provided with an inverted condenser, neutralised and titrated as the other 
two. The final weight of the CuO in this case was *064 grm. or *192 grm, computed 
for the whole quantity. 

There being no increase brought about by the action of invertase, cane sugar was 
not present in this sample of pollen. The increase in the quantity boiled with acid 
was due to the transformation of a certain quantity of maltose to glucose; the 
reduction in the unchanged extract to the presence of this maltose with probably 
some glucose. 

The increase in reducing power is *192 — T23 = *069 grm. The maltose corres¬ 
ponding to this is *069 -T* 0*976 = *071 grm. (0*976 representing the difference between 
the amount of CuO reduced by 1 grm. of maltose, and the CuO reduced by the glucose 
to which 1 grm. of maltose gives rise when hydrolyzed). This amount of maltose 
computed on 2*24 grms. equals 317 per cent. As *071 grm. maltose reduces 
*0955 grm. CuO, and the original reduction was *123 grm., we have left *0275 grm., 
which must have been reduced by glucose. As 1 grm. glucose reduces 2*205 grm. 
CuO, this corresponds to *0125 grm. of this sugar, or *56 per cent. 

Van Tieghem states that the pollen of Narcissus, Crocus, Cheiranthus, and Viola, 
among others, does not contain cane sugar.* 

* “ Inversion chi Sucre de Came par le pollen,” be. cit. 

3 I 2 
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The sugars in different pollen grains are thus seen not to be constant; cane sugar, 
maltose, and glucose all being present, separately or together, in different species. 

Before dealing with the question of nutritive materials in the styles, it may be 
well to state what can be seen of the fate of these different reserves in the pollen 
grain as the tube grows. The microscope is of no use to us in the case of the sugar. 
No doubt a study of the various sugars present in cultures of tubes at various stages 
of germination would lead to valuable resuits as to the metabolic changos involving 
sugars, but such study has still to be made. 

In the case of the starch, some observations made upon tubes of TAlium 
pardalinum are worth quoting. The ungerminated grains, as already said, when 
treated with iodine in chloral-hydrate solution, showed minute granules of starch, 
generally filling the cell, but mixed here and there with grains staining like dextrin. 
As the tube was put forth from the grain, these granules were gradually carried over 
with the protruding portion, and they flowed slowly down the tube as it extended. 
When the tube was as long as twice the diameter of the grain, they were found to 
be gradually changing in colour, becoming slightly purple with the iodine. The tube 
still elongating and the grains travelling forward, this change was more and more 
marked, particularly near the tip of the tube. When the latter had reached a length 
of 20 or 30 timeB the diameter of the grain, the general effect of the iodine was 
markedly changed. There were but few blue granules, and those in the part nearest 
the pollen grain. The greater part of the length of the tube was studded thickly 
with purple grains, and towards the tip they become nearly red. The starch was 
evidently in process of digestion by the diastase, ministering to tbe great formation of 
cellulose composing the wall of the tube. The granules did not change their shape 
and showed no corrosion, even when magnified very highly, but were gradually being 
digested in the usual fashion of translocation. 

It has already been pointed out that there is an excretion of the enzymes from the 
pollen-tube into the culture fluid, indicating the same thing as probable when a grain is 
germinating in tbe normal way upon the surface of the stigma. The gradual progress 
of the tube down the conducting tissue of the style appears to be attended by 
the absorption of nourishment as it passes, for in the case of such flowers as the 
Lily, the length of the tube is far too great for its cellulose to be supplied from the 
comparatively small store of carbohydrate in the pollen grain itself. We must look, 
therefore, to the tissue of the style as the seat of some metabolism, having for 
its purpose the feeding of the pollen tube during, at any rate, the latter part of 
its growth.* 

When examined with the microscope, the centre of the style of the Lily is seen to 
be hollow, and continuous with the cavity of the ovary. The cells are many layers 
in thickness around this cavity, the external layer being an epidermis with stomata. 

* M&ffQnr and Van Tebghem both state that they could conduct the process of germination of pollen 
in a culture medium longer when the fluid contained nutritive matter than when it did not, 
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The central canal in the style is small, but well defined, and lined by an extremely 
well-marked epithelium, the cells of which are rounded or papilla-like towards the 
cavity, recalling very much the appearance of the epidermis of the stigma, with 
which they are continuous. The style has usually three fibrovascular bundles running 
up it, placed symmetrically. 

When the sections are mounted in chloral-hydrate and iodine solution, the 
epithelium cells and the cells of several layers under them are found to be full 
or nearly full of minute starch granules, of about the same size as those found in 
the pollen grain. The outer layers are free from these. The path of the tube is 
down the cancil or the cells abutting on it, the so-called {t loose conducting tissue,” 
where the starch is plentiful. A longitudinal preparation of the style, made by 
soaking one in the chloral-hydrate solution till it is transparent, which usually takes 
five or six days, shows that the distribution of the starch is still more significant. 
Besides being in the conducting tissue, it is plentiful in the outer soft tissue of 
the fibrovascular bundles, indicating a definite deposit or reserve store placed in 
the conducting tissue after formation in the leaves. The deposit does not extend 
to the stigma, but falls short just before the style opens out to form that structure, 
indicating that the store of reserve material here is intended for the growth of the 
pollen tube after it has exhausted the special store of the pollen grain. 

The amount of this deposit of starch varies in different styles. 

Besides starch the tissue of the gynsecium evidently may be expected to contain 
sugar, even if we only consider the sticky nature of most stigmas. An investigation 
of the nature and amount of this sugar was made on two species of Lilium . 

L, tigrmum .— 165 styles of various ages were collected. They were rapidly washed 
in water to remove adherent sugar from the stigmas, dried on blotting paper, and 
weighed while turgid, being found to weigh 37'73 grms. They were then dried, first 
at moderate temperature, and then at 100° 0., and, after cooling, weighed again, being 
then 3‘403 grms. They were ground up in a mortar and extracted repeatedly with 
boiling absolute alcohol, as in the case of the pollen estimation already detailed on 
p. 402. The final residue from evaporation of the alcoholic extracts, consisting of the 
sugars of the styles, was dissolved in 300 cub. centims. of water; 100 cub. centims. 
were titrated at once, 100 cub. centims. warmed with invertase for 23 hours, and 
100 cub. centims. boiled for two hours with 2 per cent. H 2 S0 4 in a flask provided 
with an inverted condenser. This was then neutralized. After titration the weights 
of the CuO were found to be as under. 

100 cub. centims. original extract. lOOcub. centims. + invertase. 100 cub. oentims. + acid. 

Gross 1-3245 1-375 1*435 

Tare 1*251 1*246 1*251 

•0735 or -2205 in the whole *129 or -387 in the whole ‘184 or -552 in the whole 
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The difference between— 

(2) and (1) is '387 — *220 = *167 = CuO due to inversion of cane sugar. 

(3) „ (2) „ *552 — *387 = ‘165 = CuO „ grape sugar formed from maltose. 

As 1 grm. of cane sugar inverted reduces 2'321 grms. CuO, *167 grm. CuO indicates 

•072 grm. cane sugar present in the styles, or 2*1 per cent, of their dry weight 

of 3*403 grms. So, also, *165 grm. CuO is equivalent to *17 grm. maltose 

(*165 — *976 = *17), # which gives 5 per cent, in the weight of the dried style tissue. 
The original reduction of the fluid is given by (1) and amounts to *2205.grm. Now, 
*17 grm. maltose would reduce *228 grm. CuO, which agrees fairly well with this 
quantity ; glucose, therefore, was not present in the styles. Taking the sugars found 
in conjunction with the water evaporated, we have for the concentration of the sap 
*21 per cent, cane sugar and *49 per cent, maltose. 

L. pardalinum .—105 styles were collected, found to weigh *566 grm. when dried, 
and then treated as before. The final residue after solution in water was divided into 
two, and half warmed for 24 hours with an appropriate quantity of invertase. 
Both were then boiled with excess of Eehling’s fluid, and the CuO collected and 
weighed as in other cases. The weights were— 

Oiiginal solution I Solution -f- iuvortnso. 


Gross 1 2V9 1 292 

Taxe 1-249 | 1-249 


*030 or -06 m the whole 


*043 or -080 in the whole 


The increase in (2) = *026 grm., which corresponds to *0112 grm. cane sugar inverted, 
or 1*96 per cent, of the *566 grm. dry weight of the styles. Also taking the reducing 
sugar in the residue as maltose, *06 grm, CuO = *0446 grm. maltose, or 7*9 per cent, 
of the same dry weight. 

Besides these analyses of the styles of the two species of Lily, experiments were 
made with those of Narczsstcs pseudo-Narcissus, which proved to contain cane sugar, 
and a reducing sugar the nature of which was not satisfactorily determined. The 
cane sugar amounted to about 6 per cent, of the dry weight of the styles examined. 

The quantity of starch present in styles of different ages was found to vary, the 
max im u m observed being in those flowers which were just ready for pollination. As 
it diminished after this, and in old styles, whose attached ovaries were swelling into 
the stage of fruit, there was often hut little to he found, it appeared possible that the 
style not only stores starch for the pollen tube, but may go further and present some 
pf this at least to the advancing organ in the shape of the maltose found. Experiments 
were made to ascertain the presence or absence of diastase in the style, as well as in 
the pollen grain. The species taken for these experiments was L. auratum , the season 
of floFefcmg of the others being over. Two stages were selected, one from flowers 

* Of., p. 403. 
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which had been fertilized and showed the fruit in course of formation; the other from 
those whose stamens were just mature. 

To secure the action of all the enzyme that might be present, the fresh styles were 
bruised to pulp in a mortar, and the pulp mixed, as it was, with the usual thin starch 
paste (I per cent.). Half of each mixture was then boiled for several minutes, and 
the four quantities were allowed to digest in the incubator at 40° C. 

Action was noticeable in 21 hours, the unboiled tubes having become limpid, while 
the controls were opalescent, as at first. After four days the difference in colour in 
samples treated with iodine was very marked, and the action was thereupon stopped. 
The digestions were then boiled with excess of Feeling’s solution, and the CuO 
determined as usual. The older styles gave a reduction which, when divided by the 
number of styles taken, amounted to ‘0045 grm. CuO each; the younger, similarly 
computed, reduced ‘014 grm. CuO each. Diastase consequently appears to be 
present normally in the styles, side by side with the starch, the quantity diminishing 
after fertilization. 

Invertase was also tested for in a similar manner, but none could be detected. 

In the course of development of the pollen tube, we have thus clearly two stores of+ 
reserve material for its nutrition. Part is deposited in the pollen grain itself, its 
nature and amount varying considerably in different plants. The grains also contain 
at some time or other the enzymes necessary for the transformation of these reserves 
into plastic material. At the same time, and particularly in styles which are of 
some length, the style contains a subsidiary store, part of which is transformed by 
enzymes also present in the style, and part by the excreted enzyme of the pollen 
tube. The action of the diastase is partly intracellular, as shown by the gradual 
transformation of the starch granules as they pass down the tube, and partly extra¬ 
cellular, hydrolysing the starch granules in the cells of the style. The relative 
times of action of the two portions of the diastase are indicated by the locality of the 
distribution of the starch in the latter, none being present in the portion just below 
the stigma. The extracellular action of the invertase is evident when we remember 
Yan Tieg hem ’s observation that cane sugar is not in the pollen of Narcissus, while 
we have seen that it exists in the style.* 

The secretion of enzymes in this case does not appear to he a starvation phe¬ 
nomenon, as noted in many other cases, especially in the hyphae of Botrytis,t which 
show in many respects a similar mode of growth to that of the pollen tube. On the 
contrary, well-nourished grains show a greater formation than starved ones, indicating 
that the absorption of food material is a strong stimulant, much as has been deter¬ 
mined in the case of the peptic secretion of the stomach. Pollen of Narcissus allowed 
to germinate in water did not yield so much invertase as the same quantity ger¬ 
minated in cane-sugar solution, the proportion being as IS:24. 

* Compare pp. 408 and 406. 
t Marshall Ward, loo. cit. 
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In other experiments on the same point the absorption of sugar led to a still larger 
increase. In Z'amia no enzyme could be detected in the resting grains, but, on the 
absorption of cane sugar or glucose, even before visible extrusion of the pollen tube 
had taken place, a small amount of diastase was found to have been secreted. The 
temporary decrease of diastase noticed in the case of Liliwn pardalimm as germina¬ 
tion began may perhaps be explained by the assumption that the transformation of 
some of the reserve starch of the grain takes place before the protrusion of the tube, 
and that this involves a partial consumption of the enzyme. The secondary increase 
would then follow the absorption of food material from the culture medium as soon 
as the thin-walled intine allowed this to take place. At the same time it must be 
mentioned that the increase is not altogether dependent on such nutrition, for there 
was an increase of the quantity in grains germinating in water only (see p. 393). 

Whether the enzymes exist in the pollen grains in the state of zymogen is a 
question of some interest. Only a little evidence was obtained on this point, drawn 
from a study of the Zamia pollen. The culture medium which best suits this pollen 
is, as already shown, the expressed juice of the apple or pear. Even the cane-sugar 
solution gives less satisfactory results than the juice, or the pulp of the fruits. As 
these juices both contain malic acid, we have in them just the condition needed to 
transform zymogen into enzyme. A small quantity of pollen was extracted with 
chloroform water for two days and filtered. Half of it was then made faintly acid 
with malic acid and warmed for twenty-four hours in the incubator. After careful 
neutralization with very dilute ammonia the two were mixed with starch paste, and 
half of each mixture was boiled to serve as a control. After forty-eight hours’ action 
the four tubes were tested with iodine, when the one that contained the extract that 
had been warmed with acid showed very slight evidence of diastatic action; the one 
with the extract as prepared showed none. The controls were both unchanged. The 
quantities used in the experiment were only small, and the experiment can hardly be 
taken as certain evidence on the point, though the results were confirmatory of the 
hypothesis so far as they went. More experiments on the point are, however, necessary, 

The course of events in the germination of the pollen grain appears to be the 
following. When it falls upon a suitable substratum, it absorbs water from the moist 
surface of the stigma, and swells, becoming generally more granular, This is followed 
by the absorption of whatever food material may be present. In presence of the 
water, intracellular digestion of the reserves at once begins and the ferment is rapidly 
increased after absorption of food. In some cases this increase only takes place after 
a temporary diminution, but ultimately a much larger quantity is present than at 
first. Very soon an excretion of the enzyme takes place, the reserves of the style 
thenceforward being attacked and affording the tube the plastic material for its 
further growth. In many pollens the absorption of the sugar is followed by the 
temporary increase of the starch in the tube, notably so in the case of Zamia, which 
contains none at starting. 
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At the same time the style takes part in the nutritive processes, by itself trans¬ 
forming part of its starchy reserves. 

Though it would, perhaps, be at present premature to say that the process of 
pollen germination is altogether dependent on the presence of enzymes in the ripe 
grains, it is a very significant fact that as the grains lose their power of germination 
with increased age, this loss of power is attended by a very marked diminution in the 
quantity of diastase that can be extracted from them. 

Summa'ry . 

Tho results of the above-described experiments may be briefly summarized as 
follows:— 

1. Diastase and invertase are both present in pollen grains, and can be extracted 
from them by the same treatment as has been found effectual in the cases of seeds 
and foliage leaves. The relative quantities differ a good deal,* while some pollens 
contain both, others possess only one, which may be either of the two. Yarious 
solvents may be used for extraction, 5 per cent, solution of NaCl being the most 
generally useful. 

Though the presence of a cytolyst is suggested by the growth of some pollen tubes, 
it has not yet been demonstrated. 

2. At the onset of germination, usually the amount of both diastase and invertase 
is considerably increased. In one species examined, this increase was preceded by 
a primary diminution. When the pollen grain has lost the power of germinating 
the quantity of diastase has materially decreased. 

3. The pollen tube is nourished during its growth by plastic material derived from 
' two sources, the store of reserve matter deposited in the grain itself, and a further 

store deposited in the style. 

4. The reserve store of the pollen grain consists of different materials in different 
species; starch, dextrin, cane sugar, maltose, and glucose being the forms in which 
it- is found. 

5. The store ill the style consists usually of the same carbohydrates, with the 
exception of dextrin. 

6. The style itself contains enzymes to assist in preparing the reserve materials for 
absorption by the pollen tube, while the latter excretes the same ferments during its 
progress down the conducting tissue. 

7. The absorption of food materials appears to be one cause of the increase of 
enzyme found to occur during the germination. 

8. The absorption of food material is usually so active that the reserve store of the 
pollen grain is often largely increased by a temporary deposition, either in the grain 
or its tube, of some of the absorbed sugar in the form of starch. 

9. There is a certain amount of evidence pointing to tie existence of zymogens in 
some pollens, particularly such as germinate best in a faintly add medium. 

MDCX30XCIV.—B. 3 G 
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During a visit to India in 1888-89 I passed through Calcutta, and made inquiries 
from the Superintendent of the Zoological Gardens there, Mr, S&nyal, as to the 
breeding time of Mctcacus rhesus. 
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I was informed they bred freely in the gardens all the year round, and that full- 
grown specimens were readily obtainable in the bazaars. 

In consequence of my representations to this effect, the Managers of the Balfour 
Memorial Bund handed over to me the sum of £100, for the purpose of investigating 
in this country the embryology of Monkeys. 

Through the kindness of Mr. Sanyal, forty female Macacus rhesus were purchased 
and shipped in Calcutta, and arrived in England in March, 1890; and it was with 
great disappointment I found they were too young for my purpose. 

I was then informed that adult M. rhesus are so savage it was found impossible to 
send them so long a journey without providing a separate cage for each, and I there¬ 
fore determined to go to Calcutta to carry on researches there. 

The Committee of the Royal Society appointed to administer the Government 
Grant for the endowment of research gave me, in October, 1890, the sum of £100, for 
" an investigation of the phenomena of menstruation and ovulation, and of the early 
stages of development of the Monkey.” I was elected Balfour Student in the 
November following, left England the same month, and arrived in Calcutta in the 
middle of December. 

My object in visiting Calcutta was placed before the Committee of Management of 
the Zoological Gardens by Professor D. D. Cunningham, the Secretary, and these 
gentlemen most kindly placed at my disposal a small building within the gardens, 
which was converted into a temporary laboratory. 

I should like to take this opportunity of expressing to these gentlemen my thanks 
for their courtesy, and to thank especially Professor Cunningham for his never-failing 
willingness to put at my disposal all the accurate and varied knowledge he possesses, 
and for very many acts of kindness which were of the greatest service to me. The 
varied religious beliefs of the natives, the fanaticism of some of them, and the special 
reverence accorded to Monkeys by many, rendered secrecy and some considerable 
caution necessary; it was in this direction, and in overcoming the difficulties which 
presented themselves of obtaining a sufficient number of satisfactory a.rnrtmk to work 
upon, that Professor Cunningham’s advice and help was of especial, and indeed 
essential, importance. 

Binding that none but very young Monkeys were obtainable in the bazaars, 
collectors were dispatched to the jungle to secure as many specimens as possible of 
adult female Semnopithecus entellus and Macacus rhesus. 

The latter were not obtainable near Calcutta in this way, and in spite of daily 
promises from the dealers, it was not until the middle of January that S. entellus 
arrived in numbers from the jungles on the south bank of the Hugli. Subsequently, 
large numbers of M. rhesus were sent to me from the North-West Provinces, where 
^protection afforded by numerous Monkey temples and worshippers had favoured 
their increase to snob an extent that some of the inhabitants were very willing to 
assist in capturing' and sending away as many as possible, 
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Of the one hundred and eight specimens of S. entellus examined, a considerable 
number had already borne young, and were suckling them; six were found to have 
very lately borne young, and one to be undergoing the process of aborting an advanced 
embryo; the rest were not breeding, and about fifty of these, adult females, were 
killed, and the uteri preserved, in order to study the phenomena attending menstrua¬ 
tion. 

I was informed by the dealer—a Eurasian—who supplied me with these animals, 
that S. entellus breeds twice a year, in April and October, and that, when breeding, 
they retire into the thickest parts of the jungle, and cannot then be caught. This 
information was doubtless obtained from native collectors, and all evidence supplied 
by natives was found to be so untrustworthy that little reliance can be placed upon 
this report. 

Bearing in mind the'fact that the animals examined were either not breeding, or 
else had recently borne young, it would seem fair to assume there are one or more 
limited breeding seasons for S. entellus , but my information warrants no further 
assumption. 

I made attempts, during February and March, to induce these animals to copulate 
while in captivity. Two large cages were put at my disposal in one of the Monkey 
houses at the gardens, and an adult male with several females put in one cage, while 
in the other a pair of adult Monkeys were kept. 

Many of the females seemed quite prepared for copulation aDd tried to induce the 
male to fertilize them, but without success. 

I do not consider these observations at all conclusive towards establishing the fact 
that the animals in a wild state do not breed during these months ; S, entellus is a 
very shy animal, and the circumstances of captivity may well account for their non¬ 
breeding in the cages; at the same time, if the breeding season had begun before I 
left, it is highly probable I should have seen some evidence of the fact in one or more 
of the numerous specimens I examined. 

With Macacus rhesus I was even less successful in obtaining material for work. 

Of several hundreds of these animals sent to me from the North-West Provinces 
during February and* March, a very large proportion, probably not less than four- 
fifths, bore advanced embryos in utero, or had lately borne young, or had recently 
aborted the embryo. . 

In two specimens I found embryos of a stage probably similar to a six-weeks-old 
human embryo, and these were the only specimens of breeding females I saw which 
bore any but nearly full-grown embryos. The rest of the females were mostly young 
ones, but about twenty-five were adults, not pregnant, and the uteri of these were 
preserved for the investigation of menstrual phenomena. - *, , \ { . 

The large majority of breeding females which either bore young of an advanced age 
in utero, or which had recently borne young, is strong fyidence in favour of the 
assumption that M, rhesus has one or more definite breeding seasons; Mr. 
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however, assures me he has had various specimens of this species in the gardens, 
which gave birth at different times of the year, and I can only assume it is probable 
the species breed at diffeient times in different parts of the continent. 

The term of embryonic life of M. rhesus was calculated by Fr^d/trio Cutter 
(quoted by Breschet, No. 5a) to be seven months; the female upon which he carried 
on his observations giving birth to one young one in the month of October. 

Dr. J. E. T. Aitohtson, however, assures me that in Simla M. rhesus copulates 
about October and gives birth during August and September following. The time 
for copulation, he adds, doubtless extends over two months. This would indicate the 
term of embryonic hfe to be nine to ten months, and Dr. Aitciiison’s observations are 
so circumstantial I have no hesitation in accepting them. 

It follows that If. rhesus of the plains of the North-West Provinces, which give 
birth during February and March, begin to breed about May. The great difference 
in the climate of the hills and the plains may be sufficient to account for the different 
breeding times in the different districts, and, as I have already pointed out, the fact 
that such different breeding times do exist, is substantiated by the experience of 
Mr. SInyAl. 

My stay in Calcutta was cut short by an attack of rheumatism and fever, and in 
April I was advised to leave the country as soon as possible. On this account I was 
compelled to defer my researches on the embryology of Monkeys, and to confine my 
attention to the menstrual phenomena. 

In this paper I propose to describe the histological changes taking place in the 
uterus of Semnopithecus entellus during menstruation, and before long I hope to 
supplement these researches by an account of the same process in Macacus rhesus. 

Methods. 

The methods adopted for the preservation of the uteri were— 

Fixing:— 

1* In Perenyi’s fluid, for 4 to 5 hours. 

2. In a saturated solution of corrosive sublimate, for 3 to 6 hours, after which 

careful washing in water intervened before hardening. 

3. In F lemmi ng's solution, without acetic acid, for half an hour. 

4. In F lemmin g's solution, with equal volume of ’5 per cent, osmic acid, from half 

to 2J hours. 

5. In osmic vapour, for 5 minutes to half an hour, followed by Flemming’s solu-» 

tio% either with equal volume of *5 per cent, osmio acid added, or without 

the acetic acid, from half to 20 hours. 

^IB6fl3d,€(Bing with spirit followed, attention being paid to a gradual increase in the 
stren£$i of spirit* and the specimens we kept in 70 per oefit, or 90 per cent, 
spirit* w * 
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The tissue was embedded in paraffin, and cut, by the Cambridge Scientific Instru¬ 
ment Company's rocking microtome, into sections of a thickness varying from 
*0025 millim. to *00625 millim. in different series. 

The combination of soft mucosa tissue and thick, hard, muscular tissue caused much 
trouble by a folding or wrinkling of the sections, as they were cut, and it was not 
until several methods had been tried to get rid of this fault that I devised a plan of 
running hot water on to the slide upon which the sections were to be mounted, through 
a pipette, and placing the sections on the water; the latter is used at a temperature 
sufficient to soften the wrinkled paraffin and cause it to straighten out, but not quite 
hot enough to melt it. 

The slide is previously coated with a thin layer of Mayer’s albumen, and when the 
water is run off, by tilting the slide, the sections sink down on to the albumen. The 
slide is then put on to a water bath, until all trace of water is lost by evaporation, and 
the sections become fixed in the hardened aJbumen. 

By this method, several rows of consecutive sections can be mounted on one slide, 
which is then treated with turpentine, spirit, and staining reagents, then back through 
spirit to xylol, and mounted in Canada balsam in the usual way. 

I used various stains with good results, especially dahlia, eosin, methylin blue, 
heematoxylin, Ehrlich’s Biondi gentian violet, borax-carmine, and picro carmine, 
methylin blue and eosin, heematoxylin and eosin, safiranin, or fuchsin. After using 
picro-carmine, the slides were passed through spirits of various strengths in which a 
little picric acid had been dissolved, and this stain was perhaps the most successful 
of all for general Work, but for finer histological examination the other stains, 
especially gentian violet and hsernatoxylin and eosin, were more advantageous. 

The sections were cut through the body of the uterus, at right angles to its antero¬ 
posterior plane and vertical to the wall of the uterus. It will be observed that in 
some of the figures the mucosa is not so deep as it is in others, and I should remark 
that, where it is more shallow, the drawing has been taken from the lateral part of 
the section, where (vide fig. 12) this layer is considerably less thick than it is in the 
middle of the layer. 

Superficial Menstrual Phenomena. 

After histological examination, the uteri were grouped into the following four 
menstrual periods, which were subdivided into eight stages, and, as it will be con¬ 
venient to describe the superficial phenomena in relation to these periods and stages, 
I will mention them now. - . 

A. Period of rest. * > •* 

Stage I.—The resting-stage. 

£. Period of growth. 

Stage II.—The growth of the stroma. - 
Stage DZ—The increase of vessels. 
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C. Peiiod of degeneration. 

Stage IY.—The breaking down of vessels. 

Stage Y.—The formation of lacunae. 

Stage YI. —The rupture of lacunae. 

Stage YU.—The foimation of the menstrual clot. 

D. Period of recuperation. 

Stage YIII.—The recuperation stage. 

The external phenomena attending menstruation in S. entdlus is marked by the 
discharge which flows from the vagina during about four days each month. 

Unlike M. rhesus , there is no vivid colouring of the buttocks, stomach, thighs, or 
tail, and the only other external sign of menstruation is a slight swelling of tho 
vulva, and, sometimes, of the nipples of the mammas. 

The dark colour of the labia and of the nipples prevents any external sign of 
flushing being seen, but just within the labia the skin is soen to be flushed during the 
menstrual period. 

I have not examined the discharge from the vagina of S, entdlus further than to 
determine the presence of a slimy white matter—probably mucus, of cells resembling 
pus cells, of red blood corpuscles, and of debris of cells both epithelial and belonging 
to the stroma layer of the uterus and squamous epithelial cells from the vagina. 

The climate of Calcutta, and the fact that the discharge occupies some time in 
travelling down the vagina, made it difficult, if not impossible, to obtain material in a 
condition to repay study. I have, however, several menstruating M. rhesus now in 
my possession, and hope before long to publish the results of examination of tho 
menstrual discharge in these animals. 

As soon as. the Monkeys were killed, the uterus, with part of the vagina, the tubes, 
and ovaries were cut out altogether. The uterus was then opened from the external 
os uteri along the left and anterior borders, and the ventral wall was turned back. 

The vagina is a wide sac with very thick muscular walls, much folded on their 
inner side and lined with a thick layer of squamous epithelium. Projecting into the 
vagina at the further end of the sac is a small papilla, in the centre of which is a 
small hole leading into the cervix of the uterus. The lips surrounding this hole are 
soft, and, as the papilla is more closely attached to the ventral wall of the vagina 
than it is to the dorsal wall, the dorsal lip is longer and looser than the ventral lip. 

The cervix is a narrow, straight canal, the walls are very thick and muscular, and 
its inner surface is longitudinally folded; it opens into the cavity of the body of the 
uterus by a gradually widening aperture. 

The cavity of the body of the uterus is triangular in shape, all the sides of which 
are concave, the apex is at the cervix end, and the concave base is formed by the 
fctoad&f' "wall of the fundus; it is lined by a mucous membrane, which I have called 
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the mucosa. The Fallopian tubes open by small pores on either -side at the widest 
part of the triangle. 

A superficial examination of the mucosa during Stages I. and II. shows the surface 
to be of a more or less opaque white colour, either smooth, slightly ridged, or divided 
into polygonal areas by pits connected by narrow depressions. 

The opacity is more marked in some than it is in other specimens, and is regulated 
by the density of the stroma layer below the epithelium layer of the mucosa (fig. 12). 

The smooth ridged or reticulate appearance is likewise due to the growth of the 
stroma. The reticulate appearance is brought about by the growth of the stroma 
between the glands; it rises like a number of small hillocks having valleys or depres¬ 
sions connecting the widely open mouths of the glands one with the other. In 
those uteri in which the mucosa is ridged, the epithelium has also grown and 
allowed the swelling stroma below it more room to expand; and where the mucosa is 
smooth the mouths of the glands are very small, and the interglandular tissue is 
evenly swollen all round them. 

Throughout the process of menstruation, whenever an epithelium is present, the 
surface of the mucosa presents one or other of these three appearances j generally 
it is ridged or folded, but it may be smooth, or more rarely reticulated. 

As shown above, these appearances are due to the growth of the stroma, restrained, 
as it were, by the epithelial covering. Where most restraint is exercised, hillocks or 
ridges are formed; where free growth is allowed the mucosa is smooth. 

The soft mucosa is dry, and there is no trace of discharge from the glands within 
the cavity of the uterus during Stages I. and II. During Stages III. and 1Y. the 
mucosa is more or less flushed, the flush occurring uniformly over the surface when 
the mucosa is smooth, but more concentrated at the top of the ridges when the 
mucosa is folded. 

At the end of Stage IY., at which stage, as will be seen later, the superficial 
capillaries of the mucosa break down and the blood contained therein is scattered 
among the meshes of the stroma, this flushing becomes exaggerated into congestion ; 
and at Stage Y. dark red spots are to be seen scattered about all over the surface of 
the mucosa: they are contained within the epithelium, and are caused by the 
formation of lacunae. 

It is to be noted that when only few specks of blood are seen they are confined to 
the dorsal wall of the uterus, or are more numerous there, and it is only when they 
are plentiful that they occupy both walls in equal proportions. This circumstance 
indicates that the increased supply of blood, which is a marked feature during 
menstruation, affects the dorsal before it affects the ventral walls, a supposition 
which is confirmed by histological examination. 

The fact that during pregnancy the dorsal disc of the bilobed placenta is developed 
faster than the ventral disc is in harmony with this statement. 

In the cavity of the uterus there is no discharge from the glands during Stage III.; 

MDOCOXOIV. — B. 3 H 
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during Stages IV. and Y., however, a colourless viscid material is sometimes seen 
therein; the labia, also, have a viscid discharge adhering to them, and I am inclined 
to think much of this is derived from the glands of the cervix. 

The discharge in the uterus appears under the microscope as a stringy non-cellular 
substance; that taken from the labia contains, besides, many squamous epithelial cells 
derived from the vagina. 

Stage VI. presents a further development; although no rupture of the surface can 
be discerned by a superficial examination, the cavity of the uterus contains free blood, 
which evidently proceeds from the mucosa, and, as will be seen, is expelled into the 
uterus by the breaki n g down of the epithelium covering the lacunas, thus setting free 
the blood contained therein. 

The lacunae do not all rupture at the same time ; free blood is found in the uterus, 
while specks of blood, i.e ., lacunae, are still to be seen in the walls. 

The blood is thin and mixed with viscid material; it contains, also, epithelial cells. 
The os uteri is generally softened. 

Stage VII. shows the formation of the menstrual clot; and now the surface of 
the mucosa presents a ragged and tom appearance, due, as will he seen, to the casting 
off of the superficial part of the mucosa. The clot itself is found to consist of great 
quantities of red-blood corpuscles, leucocytes, epithelial cells both from the epithelium 
covering the surface of the mucosa and from the epithelium of the glands, and 
great masses of stroma. 

The size and consistency of the clot varies in different specimens. In some 
specimens it is small, stringy, and soft, in others it is large enough to distend the 
narrow cavity of the uterus, and to swell out the walls, in which case it is much 
harder, and approaches the consistency of putty when ready for use. The labia now 
are soft and flabby. 

Stage VIII.—After the clot is naturally expelled, a process which takes place 
during this stage, the mucosa appears less ragged than during the formation of the 
clot owing to the re-formation of epithelium over the surface. 

Free blood is still found in the uterine cavity for some time after the blood clot 
has been expelled, but only in small quantities, and a few epithelial and other cells 
are still found in the blood. - 

Gradually the ragged appearance of the mucosa gives places to a smooth surface, 
which is at first much flushed, hut which becomes later a semi-transparent and then 
a more opaque white colour. At this latter stage the mucosa has returned to 
its resting state, only to be again disturbed after a brief interval by renewed growth, 
congestion, and rupture, as before. 

Sections show the transparency observed at this stage to be due to the sparsely 
- scattered nuclei of the stroma underlying the newly-formed thin and flattened 
epithelium (fig. 10), 

The os uteri remains flaccid, and the labia are still swollen until’ towards the 
close of this stage. 
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Histology. 

General Description of the Body of the Uterus. 

The whole of the cavity of the body and fundus of the uterus is lined with mucous 
membrane, called henceforth the mucosa. The mucosa consists of a single layer of 
cubical epithelium, below which is a tissue of a very primitive nature, which I have 
called the stroma, and about which a few words are here necessary. 

The stroma is formed of a network of protoplasm in which nuclei are embedded; no 
definite cell boundaries are to be seen, the internuclear protoplasm is continuous, 
being drawn out into very fine processes; no intercellular substance is distinguish¬ 
able and, with the exception of a few long radially arranged fibres which are present 
in the deeper part of the stroma during the resting stage only, there is no sign of 
connective tissue fibres or other skeletal structures. 

At certain times the stroma grows rapidly, the nuclei increasing in number by 
division; the material which is cast off during menstruation is chiefly composed of 
stroma, and it is from stroma that the new blood vessels and some of the new 
epithelial cells, which are formed during the recuperation stage, are derived. It is, in 
fact, more like embryonic mesoderm than any tissue with which I am acquainted. 

This stroma then is essentially primitive tissue capable of extensive and rapid 
growth, capable also of transformation into other and more specialized tissues, and 
may be entirely devoid of skeletal structures. 

That portion of a mucous membrane which lies below the epithelium is usually 
called the corium, and, according to Qtjain (56), consists of connective tissue, either 
areolar or retiform. 

Johnstone (29) describes the corium of the human uterus as adenoid tissue, and 
considers it is a highly specialized form of connective tissue. Chbobak (7) on the 
other hand finds no definite connective tissue framework in the mucosa of the human 
uterus, and I find practically nope in the mucosa of S. entellu-s . 

The nature of the so-called corium may be, and indeed is, different in different 
animals, in some it is denser than it is in others, while in others again a more or less 
definite connective tissue framework appears to exist. 

In S. entellus, however, at any rate it does not consist of either areolar or retiform 
connective tissue, and the entire absence of fibres, except at one particular time, in my 
opinion, prevents it from being considered as definite connective tissue at all. 

The mucosa then consists of a cubical epithelium below which is the stroma, the 
Stroma contains blood vessels, a few radially disposed muscles in connection with the 
internal muscular coat, and long or short, generally straight and simple glands, the 
columnar epithelium of which merges into and is continuous with the epithelium 
lining the cavity of the uterus (see figs. 1 and 2, &c.). During Stage I. a few long 
fibres are present (fig. 1), but these are not present at any other stage. 

3 H 2 
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The mucosa is thickest along the middle line of the dorsal and ventral aspects, and 
gradually becomes thinner laterally, leaving the cavity of the uterus as a triangular 
shallow slit the sides of which are concave. 

The cavity itself is shallowest laterally, and widest at a point where the Fallopian 
tubes are inserted. The base of the triangle is formed by the curved wall of the 
fundus, the apex is at the entrance of the cervix into the body of the uterus. 

Bounding the mucosa on its outer side is an inner layer of muscles mostly consisting 
of bundles disposed in an irregular circular direction, they run more or less obliquely 
round the mucosa, but at so small an angle that I have called them circular muscles ; 
besides these, and enclosed between the bundles of circular muscles, are bundles of 
longitudinal muscles; but these are not so numerous as the circular bundles in this 
inner layer. 

From the circular muscle bundles scattered fibres run radially inwards a short 
distance into the mucosa, they are not numerous and are irregularly placed, their 
existence, however, prevents the mucosa being sharply marked off from the muscle 
layer as Minot (47) describes for the uterus of the human female. 

Outside the inner layer is an external layer of muscles, chiefly composed of bundles 
of longitudinal fibres, but between them are smaller bundles disposed in a circular 
direction. 

Outside the longitudinal layer of muscles is a thin layer, represented by n dark 
line in fig. 12, which is only superficially different from the external layer of muscles 
hy reason of the fact that it does not stain so deeply. 

It is composed of scattered fibres of longitudinal and circular muscles, with a few 
connective tissue cells, the whole embedded in a gelatinous material, and covered 
outside with a layer of flattened epithelium. I have called this layer the sheath. 

All the muscles are non-striated muscles. 

The cervix. —At the cervix end or posterior end of the body of the uterus, the 
stroma layer becomes thinner and gradually merges into a tissue in which the nuclei 
are more scattered and an intercellular substance is present. This tissue is much 
more dense than the stroma of the body of the uterus. The glands are short and the 
epithelium lining the cavity of the cervix is cubical. 

I may here mention that neither the epithelium nor any portion of the underlying 
layer of the cervix is cast off during menstruation. During Stages II. and III., 
however, there is a slight increase in the density of the tissue at the anterior end of 
the cervix, but this is slight, and there is also a slight increase in the blood supply 
during these stages, but it is not at any time considerable. 

The glands of the cervix secrete during menstruation, and I am inclined to think 
it, is probable more secretion comes from them than from the glands of the body of 
the uterus. 

- The Tallcptan tubes .—At the junction of the Fallopian tubes with the uterus the 
muscle layers of the latter are continued over the tubes, and a thin layer of stroma 
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underlies the layer of columnar epithelium, which lines the cavity of the tubes. 
Both these latter layers are continuous with the same layers of the mucosa. 

I can detect no change in the structure of the Fallopian tubes during menstruation. 

I will now give a description of the histological changes which take place from 
Stages I. to VIII, of menstruation. 

A. Period of Rest. 

Stage I.—The resting stage. Figs. 1 , 13, 14. 

During the resting stage the mucosa appears in section as of remarkably even 
consistency throughout. 

The epithelial cells, either cubical or columnar, have large rounded nuclei in which 
a nuclear network is plainly visible with a high power. The epithelium is formed of 
a single row of such cells, their superficial edge is sharply delineated, but the inner 
edge is not so ; there the protoplasm of the epithelial cells is continuous with the 
protoplasmic processes of the stroma which lies beneath, and indeed the similarity of 
the nuclei in these two layers and the continuity of their protoplasm point to the 
conclusion that the epithelium is merely a specialized layer of the stroma. The 
phenomena, which will be described later, of the re-formation of the epithelium after 
the mucosa menstrualis is cast off, although not absolutely conclusive evidence of this 
relationship, nevertheless renders it more than probable. 

The uterine epithelium is directly continuous with the epithelium of the so-called 
uterine glands (fig. 1). These glands consist solely of columnar epithelium, which 
may be one or two rows deep, the cells are much elongated and their nuclei large, 
exhibiting a nuclear network. The superficial edge of the cells is usually beset in my 
preparations with ragged processes which may be cilia, but I have not been able to 
prove this to my satisfaction. The inner edge of the cells is very evenly disposed 
and attached to a non-nucleated basement membrane, which becomes thinner near the 
mouth of the gland and disappears altogether where the uterine epithelium joins the 
epithelium of the gland at its mouth. 

There is a difference of opinion on this point with regard to the glands of the 
human uterus; Engelmann (11) says the glands of the fully developed human 
uterus have no basement membrane, MitfOT (47) and Leopold (38), however, state 
that a basement membrane is present. 

No definite sheath invests the glands of S. entellus ; close round the glands the 
nuclei of the stroma are more flattened than they are elsewhere during this stage. 
There may be one or more rows of such flattened nuclei, but the protoplasmic processes 
of the stroma do not combine to form a definite sheath, and they are continuous with 
the protoplasm of the surrounding stroma. 

The protoplasm of the stroma does not appear to be continuous with that of the 
cells of the glands, as it obviously is with the uterine epithelial cells, 
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The glands secrete a clear viscid material, but at Stage I. this is rarely evident. 
During this stage the glands are generally short and their lumen narrow. 

The nuclei of the stroma are regularly disposed for one-third of the depth of the 
mucosa; they are not closely packed, and the delicate protoplasmic processes of the 
stroma, in which granules are distinctly seen, form a network of open tissue, within 
which no intercellular substance was observed. 

The nuclei are rounded or oval, and of very regular size; a nuclear network is 
always seen in them. 

For one-third of the depth of the mucosa this arrangement is very uniform, but 
deeper down a few long fibrils run through the tissue, spreading out fanwise in the 
interglandular regions, and more closely concentrated at the base of the layer. 

These fibrils stain darker than the neighbouring branching protoplasmic processes of 
the stroma, with which, however, they are in very close relation, a series of nuclei 
being disposed alongside each fibril. 

The fibrils have not the structure of muscles, and are not continuous with the 
muscles lying below the mucosa ; I judge them to be formed from united protoplasmic 
processes of the stroma, and to be similar to connective tissue fibrils; they were only 
seen in specimens of this stage of menstruation. Subsequently they entirely disappear, 
and it is remarkable that it is only that portion of the stroma situated superficially to 
these fibrils which undergoes in the next stage active growth, and becomes in the 
later stages cast off as the mucosa menstrualis. 

The temporary presence of these fibrils is striking evidence in favour of the view, 
that we have here tissue of a very primitive character. It would appear that it is 
capable of developing into connective tissue, and, as I will show below, into blood 
vessels and epithelial cells; it is then not definite connective tissue, but primitive 
tissue, from which connective tissue and other structures may be derived. 

There is no sign of the multiplication of epithelial cells or of the nuclei of the 
stroma at this stage. 

The blood vessels in the mucosa are small. A few arteries are seen in the deeper 
parts of the layer, but only thin-walled capillaries in the superficial part. 

The capillaries are fairly numerous, and contain plenty of blood corpuscles, while, 
now and then, but only rarely, a leucocyte is seen in a vessel. 

It is noticeable that the blood vessels do not closely invest the glands in S. entellus 
as they do in the mucosa of many animals; on the contrary, they are specially 
noticeable in the interglandular tissue. 

1 0ftIie muscle layers I need not say more than I have said already, since they do 
not concern the phenomena of menstruation as described below”. 
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B. Period of Growth. 

Stage II.—The growth of the stroma. Figs. 2, 15, 16. 

Three changes are now seen in the mucosa. The first of these is a gradual increase 
in the density of the stroma in the superficial third of the mucosa; the second, an 
increase in the size of the blood vessels, and the third, an interglandular swelling of 
the mucosa into the lumen of the uterus in the form of ridges or hillocks. 

1. The growth of the stroma. —The increase in density of the stroma comes about 
gradually. It is due to the increase in number of the nuclei of that layer by means 
of division, and to the fact that they are packed closely together. That is to say, 
hyperplasia occurs. 

As I have before remarked, no definite division of this tissue into separate cells is 
possible, and the protoplasmic network is always continuous. When nuclei divide 
and separate, they carry with them a portion of the protoplasm which originally 
surrounded the parent nucleus, but this protoplasm is never thus entirely separated, 
it is merely extended, and no actual division of a cell is seen. In speaking of the 
finer histology of the stroma, however, I have sometimes referred to the individual 
nuclei with the protoplasm immediately surrounding them as cells. 

The multiplication takes place by simple division of a nucleus into two, and 
probably also by fragmentation of a nucleus. Owing to want of space and consequent 
pressure, a very large proportion of the nuclei become elongated and spindle-shaped, 
while the protoplasmic processes of the cells are still branched, but in a longitudinal 
direction (fig. 15). These nuclei divide by simple amitotic division. 

c 1 to c B , fig. 16, are figures of five nuclei undergoing division into two; it is notice¬ 
able that the characteristic phenomena of mitosis are not discernible. 

The cell marked c 2 is very commonly seen, but in no case have I been able to see 
polar stars or other details of karyokinesis. The same phenomena is shown in fig. 15, 
where also stages in the growth of the newly-formed nuclei are shown (d 2 ). The 
series d 1 to d i3 in fig. 16, shows stages in the fragmentation of the nuclei of the 
stroma; d 1 is a typical nucleus with its surrounding branched protoplasm, of Stage I. 

The cells of this series are markedly different from those of the c series, owing to 
the division of their nuclei into three or more parts, and in the appearance of the 
protoplasm. 

dj, shows the fragments of a nucleus somewhat separated, but I have never seen the 
fragments draw away and carry with them the protoplasm which surrounded the 
mother nucleus, as is done when nuclei divide into two; at the same time, as will be 
seen later, such separation is probable. 

The d series of cells is rarely seen, and then only on the edge of the denser layer of 
the stroma. 

The cell indicated by f is commonly seen in the midst of the dense layer. Its 
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three nuclei are not like those seen in d 3 , nor are they quite like the two nuclei seen 
in the c series; at the same time, its protoplasm is much more like the c series than 
the d series, and I am disposed to think it should be classed with the former. 

I at one time thought that these cells might be leucocytes, but have convinced 
myself this is not so. They have an entirely different appearance to leucocytes, their 
protoplasm stains much darker and their nuclei much lighter than do these parts in 
a leucocyte, and it is noticeable that no cells with four nuclei, which is the most usual 
condition of leucocytes at this and at other stages, are present in the stroma layer 
(compare leu., fig. 16). 

The same remarks apply to d^ in the same figure; the appearance of the protoplasm 
itself and of the five nuclei therein is quite different from the appearance of those 
parts of a leucocyte. 

The cells marked /q to h- 0 are also very commonly seen in the dense part of the 
layer. They are very small cells and have very small nuclei; those represented in 
the figure were drawn with the same lens as the rest of the cells in fig. 1G (Reichert’s 

immersion and occ. 4). Their nuclei, also, are commonly seen to be undergoing 
division into two by simple amitotic division. 

The origin of these cells I have been unable to determine, they may be either the 
product of the larger fusiform cells or they may be derived from those cells in which 
the fragmentation of the nucleus was observed; their size and the appearance of their 
nucleus strongly inclines me to the latter view, but there is so much difference of 
opinion as to the possible formation of cells in this manner that I must leave their 
origin an open question, merely insisting upon the fact that they are a new formation, 
and that they were not present during Stage I. 

The occurrence of amitotic division or of fragmentation, and the entire absence 
of mitosis in the cells of the stroma, is remarkable. According to the researches of 
Flemming (14), and Ziegler (84), fragmentation does not lead to the reproduction 
of cells, but to degeneration, while, on the other hand, Metchnikoff’s researches (45), 
throw grave doubts upon the destruction of polynuclear cells, and Hickson (22, 23) 
shows that the nucleus of the ovum of Millepora plicata and of Allopora fragments, 
and that the cells of the blastoderm are formed of cells whose nuclei consist of the 
fragments of the nucleus of the ovum. 

These researches are extended in a paper by the same author (24), and Dr. Hickson 
informs me that in a forthcoming paper he will refer to some forty instances recorded 
by other writers, showing or implying the same thing. 

Should this account be true, tbe origin of the h series of cells (fig. 16) from cells 
in which fragmentation of the nucleus is observed (the d series), is by no means 
improbable. 

With regard to the occurrence of amitotic division, Ziegler (84) states that those 
nuclei which divide without mitosis are always distinguishable by their excessive size, 
and he connects the large size with increased functional activity. 
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My observations are not in accord with Ziegler’s ; the stroma cells of the non¬ 
pregnant mucosa of S. entellus are at no time possessed of large nuclei, while during 
the period of activity just described, many of the nuclei exhibiting amitotic division 
are excessively small (series h, fig. 16), their size varies from *005 to *0075 millim. 

It is not uncommonly remarked where no karyokinetic figures are observed that 
the failure to see them is due to faulty preservation or unsatisfactory staining ; that 
is, of course, possibly the case with my own preparations, but I venture to think it is 
an improbable explanation in this instance. Possibly the relative size of the nucleus 
and the cell protoplasm may affect the method of division (figs. 16 and 17); in the 
examples before us there would seem to be no room for the formation of polar stars or 
nuclear spindle. 

In the deeper two-thirds of the mucosa the stroma remains in the same condition 
as it was in Stage I., except that no fibrils are present; division of the nuclei is not 
seen, they are not crowded together, and hyperplasia does not occur. 

Alongside the glands also the tissue is more open than in the interglandular 
regions (fig. 2). 

I find no giant cells such as Leopold (38) describes in the human menstruating 
uterus, and like Wyder (83) and Minot (47), I do not find any decidual cells. 

2. The growth of vessels. —The blood vessels in the deeper part of the mucosa are 
bigger in Stage II. than they were in Stage I, and the enlargement follows the first 
sign of growth in the stroma. The enlargement is not confined to vessels of the 
mucosa, those of the muscle layer are also enlarged, and further the vessels in the 
lower’ part of the mucosa begin to enlarge before the more superficial vessels are 
similarly affected, the increase in size gradually extending from below upwards. 

In the densest part of the mucosa the vessels are still very small; pieces of capil¬ 
laries from this region are shown in figs. 16, a and b, but a detailed description of the 
vessels will be given later, and I will not say more of them here. 

3. The swelling of the mucosa. —The mucosa of the uterus from which fig. 2 was 
taken was swollen and thrown into folds; in that figure the swelling is seen to 
concern the interglandular substance and not to concern the gland itself. 

The epithelium is very little, if at all, altered from what it was in Stage I.; the 
glands are firmly fixed deep down in a part of the stroma which undergoes no change 
at this time, and the growth of the stroma is greatest between the, glands; in 
consequence of these facts the epithelium is held tightly down at the gland mouths 
and the swelling occurs where least resistance is offered by the epithelium, namely, 
midway between the glands. 

The glands themselves remain short, hut their lumen is wider than in Stage I. 

Stage III.—The Increase of Vessels. Figs. 3-22. 

A uterus at this stage of menstruation is readily distinguished in superficial exami¬ 
nation by its flushed and swollen surface. 

MDCCOXCIV. — B. 3 I 
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In section the cause of the flush is seen to be an increase in the size and number of 
the vessels directly below the epithelium, &nd to their congestion. 

. The epithelium itself is considerably thinner than before, the cells being somewhat 
flattened out though they are still cubical; this thinning is due to stretching, and 
there are now signs of cell division in this layer. 

The nuclei of the stroma which were very densely packed in the preceding stage 
are now somewhat less dense, not on account of any decrease in their number, but in 
consequence of the increased room made for them by the stretching of the epithelium 
and its growth. 

k reference to fig. 3 shows that advantage has been taken of this increased room, 
especially by those stroma cells lying directly beneath the epithelium; they have 
extended themselves and, in consequence, a layer of more scattered nuclei now 
intervenes between the epithelium and the denser layer below. 

The thickness of the mucosa is thus increased in Stage III. 

The blood vessels, which in Stage II. had begun to grow larger, are now larger still 
and more numerous. They have forced themselves through the dense layer of the 
stroma, reached the comparatively open tissue underlying the epithelium, and have 
there become enlarged to form flattened vessels which are gorged with blood. 

The growth in size of the vessels is shown in fig, 22 to be due to the division and 
consequent increase of the cells forming the walls of the vessels. The vessels drawn 
in this figure lie below the denser layer of the stroma, but a similar increase in the 
cells of the walls of the more superficial vessels is also seen. 

The increase in the number of the vessels, hyperplasia, may be a natural result 
following, and due to, hyperplasia of the stroma, according to Ziegler (85); and the 
congestion, to an increased flow of blood which is more marked in the next stage. 

There is no change in the constitution of the deeper portion of the stroma, and no 
change in the glands during Stage III. 

The number of the leucocytes in the vessels is increasing somewhat, 

It is noticeable that many of the nuclei of the stroma in fig. 8 are smaller than 
they are in fig. 2. I have made a large number of measurements of these nuclei in 
different regions of the mucosa at the various stages of menstruation, with Zeiss' E. 
lens and occ. 3, and find there is a variation in size during Stages II. and III., a 
considerable number of the nuclei in the region of the denser portion of the layer 
being smaller than the rest. These small nuclei measure *005 millim., while the 
usual size of nuclei during Stage I. is ’OOP5 mill im. 

The glands are much the same in length as they are in Stage II., but their lumen 
is still wider, and excretive action is apparent. 

So far then, the changes which have taken place are changes due to the growth of 
the stroma or of the vessels contained therein. 
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C. Period- of Degeneration. 

Stage IV.—The Breaking doivn of Vessels. Figs. 4, 17, 18, 19, 23, 24, 25, 37. 

This stage, which, is perhaps the most important and instructive of all, witnesses 
remarkable changes in the constitution of the mucosa. 

Further swelling of the mucosa takes place, there is a growth of intemuclear 
material of the stroma, and the nuclei which formed the dense layer of the previous 
stage become consequently more scattered, Simple hypertrophy follows, probably in 
consequence of the increased blood-pressure described in Stages II, and III, and 
which exists now to a greater extent (85), and degeneration supervenes in the 
superficial region of the mucosa. 

The walls of the superficial vessels, which are dilated, rupture, and the red blood 
corpuscles, with which they are densely charged, escape and are scattered about in the 
network of the stroma. This extravasated blood is present below the whole of the 
uterine epithelium and causes a deep flush over the whole surface of the mucosa readily 
recognized with the naked eye. 

The histological changes which take place in this stage are as follows : 

The cells of the uterine epithelium increase in size and their nuclei become paler, 
the nuclear network less pronounced and frequently invisible, and the nodal points of 
the network combine to form a large, darkly staining nucleolus situated at the base 
of the nucleus (fig. 19). 

The protoplasm of the epithelial cells is still continuous with the protoplasmic 
processes of the stroma. 

The nuclei of the glandular epithelium exhibit less change, they become, rounder 
than formerly and stain less deeply than they did during Stage I.; a nuclear network, 
however, commonly exists, and there are several nucleoli, as formerly. The cells of 
the glands are the same as before and the basement membrane is present (fig. 18). 

With regard to the stroma and its nuclei. The dense layer is still present in places 
and nuclei undergoing division, although much more rarely seen, still exist in this 
stage (fig. 17). As I have already mentioned, the mucosa is now still further swollen; 
fig. 4 is taken from a region so much swollen that the dense layer has altogether 
disappeared, and here the change in the constitution of the protoplasmic material of 
the stroma can be most clearly seen, 

The protoplasmic processes are not so definitely marked, and are more irregular than 
in Stage I.; there is an increase in volume of the protoplasm, and a'corresponding 
decrease in density and consistency (compare figs. 14 and 24). 

The nuclei have also become larger than they were in Stages II. and III., they are 
more rounded, stain less deeply, and exhibit a nuclear network and many deeply 
staining nucleoli (compare figs. 15 and 24); indeed many of them are larger than 
those in Stage I. 

These changes are undoubtedly of the nature of hypertrophy. 

3 i 2 



428 


MR. W. HEAP Iil ON THE MENSTRUATION 


The greatest change, however, is noticeable in tho cells forming the walls of the 
vessels, which also undergo hypertrophy. Fig. 23 is a drawing of an early stage of 
the process in a small vessel near the surface of the mucosa; the nuclei are much 
swollen and stain but lightly. 

Fig. 24 shows a dilated capillary in an advanced stage, in which the nuclei and cells 
are still further enlarged, and in which the walls of the vessel have broken down, 
distributing the blood corpuscles amongst the network of the surrounding stroma. 
Both these drawings are taken from a uterus of Stage IV,, from the region close to 
the uterine epithelium. 

The hypertrophy of the vessel’s wall is probably consequent upon increased blood- 
pressure (Ziegler, 85), while the rupture of the vessels is due to degeneration, 
and the decreased resisting power of their walls. A withdrawal of efficient support 
from the surrounding tissue of the stroma, brought about by the increased swelling of 
the mucosa, and the extension of the protoplasmic processes of the stroma, combined 
with their hypertrophy and degeneration, no doubt assist the rupture. 

Further, there can be little doubt that similar changes are affecting the other parts 
of the mucosa, both epithelial and stroma tissue. It is very nobicoable, however, that 
both hypertrophy and degeneration are most active in the superficial region, and that 
the deeper tissue is less and less affected in proportion to its remoteness from tho 
surface. 

The cells of the walls of the vessels in the deeper mucosa are hypertrophied (fig. 25), 
and strands of protoplasm project across the lumen of the vessels, but tho degenera¬ 
tive changes are comparatively slight; these vessels do not break down, and no 
extravasated blood is found at this or any other stage of menstruation in the deeper 
regions of the mucosa. 

Some authors, Feoktistow, Kundrat and Engelmann, and Williams (13, 34, 
and 78), have ascribed the breaking down of the tissue of the mucosa to fatty 
degeneration ; I have been quite unable to detect any signs of fatty degeneration in 
any cells of the mucosa at any period of menstruation. This conclusion has been 
arrived at only after careful examination of specimens preserved and stained in various 
• ways (see Methods), and I have been compelled to reject tbe theory of fatty degenera¬ 
tion, and to adopt that of simple hypertrophy followed by degeneration, probably of 
an amyloid or hyaline type, as an explanation of the cause of the phenomena described 
above. 

The size of the hypertrophied nuclei of the stroma may reach, during Stage IV., 
'0125 millim., w T hichis a very considerably larger size than the nuclei of the stroma of 
Stage I. attain to, namely *0075 millim. 

There is a decided increase in the number of leucocytes during this stage. They 
occur in the deeper vessels in greater number^ than formerly, and appear to be 
travelling, from some other region of the body, towards the surface of the mucosa by 
means of the vessels. 
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In the deeper region of the mucosa, -where there is no extravasation of blood, no 
leucocytes are present outside the walls of the blood vessels, that is to say, migration 
of leucocytes does not occur there. 

Superficially, where the blood vessels have broken down, leucocytes are found, 
together with red blood corpuscles, distributed within the network of the stroma; 
but, in my opinion, their presence there is not due so much to voluntary wandering 
as to their expulsion from the vessels by means of the sweeping action of the rush of 
blood. 

My reason for this view is, that more leucocytes are seen adhering to the remnants 
of the walls of the broken down vessels than are seen in a free wandering state in the 
stroma (figs. 24 and 37). Indeed the occurrence of wandering leucocytes is rare, 
while leucocytes adhering to the remains of ruptured vessels are very frequently seen. 

In Metohnikopf’s recent work on inflammation (45) he defines that process as 
a reaction of leucocytes against a dangerous element, and describes a congregation of 
leucocytes taking place at the required spot, and the absorption by them of the 
irritating element. 

He adds that diapedesis only takes place when the element to be attacked by the 
leucocyte is outside the walls of the vessels, where that element is inside the vessel 
no diapedesis occurs. 

At this stage of menstruation then, the phenomena exhibited, namely, swelling of 
the tissue, dilatation and congestion of the vessels and a congregation of leucocytes, 
indicates the existence of a noxious element in the blood at the surface of the mucosa, 
which is of an inflammatory nature. 

The size of the glands is now somewhat increased, they become longer, apparently 
on account of the superficial swelling of the mucosa and not by downward growth, 
their lumen is wide, and active excretion is going on. 

Stage V,—The Fm'mation of Lacuna. Figs. 5, 6. 

The extravasated blood collects during this stage into lacunae. The lacunae are 
first formed (fig* 5) in the midst of the loose layer of the stroma, situated between 
the epithelium and the remnants of the denser portion of the former layer. The 
dense tissue still persists here and there, although of rare occurrence now. 

Between the primitive lacunae and the epithelium the stroma network is filled with 
extravasated blood corpuscles, and gradually, as more blood pours out of the broken 
vessels, the lacunae increase in size, push aside the stroma tissue and arrive at the 
boundary wall of the mucosa, namely, the uterine epithelium (fig. 6). 

' Lacunae so situated may be recognized, when the mucosa is examined superficially, 
by the presence of dark red spots scattered all over the surface, and they give to the 
mucosa its characteristic appearance during this stage. 

It is noticeable that the lacunae are formed in the mucosa of the dorsal wall of the 
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uterus earlier than in the ventral wall, which shows that the increased supply of 
blood affects the dorsal before it affects the ventral wall. 

At t.hia stage there are still vessels in the superficial part of the mucosa that have 
not entirely broken down; eventually they do so, but many are seen in figs. 5 and G 
with complete walls. 

In the deeper mucosa all the vessels remain intact, and the veins in that region 
and in the muscle layer contain but little blood. 

The only change which takes place in the stroma is the occurrence of certain 
nuclei, but fdw in number, which stain differently from the rest. They are generally 
rounded opaque nuclei which stain deeply, and are highly refractive; they are most 
frequently seen near the surface, and are never seen deep down in the mucosa. 

A similar appearance is assumed by some of the free leucocytes. 

I was unable to determine what this change might mean by examination of 
specimens of this stage only, but the occurrence of similar nuclei in the same region 
during the following stage, together with large numbers of stroma cells whose 
protoplasm is barely discernible, and whose nuclei are much shrivelled, leads me to 
believe they exhibit now the first changes due to degeneration. The nuclei of a few 
cells of the uterine epithelium are similarly affected, but with that exception the 
epithelium, whether surface or glandular epithelium, remains the same as in Stage IV. 

The condition of the glands is the same as in Stage IV. 

Stage VI.—The Rupture of LacuncB. Figs. 7, 20, 21, and 38. 

The stage now to be considered exhibits the primary phases of denudation 
resulting from the preceding occurrences. The lacunse now become very much 
enlarged, the degenerating epithelium which lies above them is greatly stretched and 
eventually ruptures, allowing the contents of the lacunse to flow into the cavity of 
the uterus; but the lacunse do not all rupture at once, and before a complete 
breakdown takes place blood escapes from them through small spaces in the epithelial 
outer wall (fig. 7). 

In consequence of this, a superficial examination of the uterus discovers free blood 
in its cavity, while large spots of blood are still seen dotted about the mucosa. 

In conjunction with the existence of these large lacunse and the consequent* 
stretching of the epithelium, the glands at this stage are widely open, and in some 
instances their epithelium even is thinned. 

The pushing inwards into the cavity of the uterus of the interglandular material, 
doubtless produces the force which pulls the walls of the glands widely apart, and 
the fact that the mouths of the glands are wider open than the lower part, confirms 
this suggestion. 

It is very generally noticeable that the largest lacunse are in the region of a gland, 
the lacunar space often running downwards alongside the wall of the gland for a 
considerable distance. In one of the lacunse drawn in fig. 7, a whole gland is seen to 
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be included and surrounded by the blood Bpace, and this is not an uncommon 
occurrence. 

The vessels in the deeper mucosa remain intact without exception, and a few, but 
only very few, dilated capillaries with complete walls are seen close to the epithelium 
in places where no lacuna is present. 

The lacunae themselves have no regular lower wall, they are bounded on that side 
by the stroma; in some places the stroma processes appear to combine to form a wall 
which restricts further inroad of the blood into the tissue, but generally there is no 
such wall, and irregularly branching diverticula exist continuous with the main 
lacuna and containing extravasated blood. 

Leucocytes are now more numerous both in the deeper situated vessels and in the 
extravasated blood, but the greatest number by far are found sticking to the broken 
down walls of ruptured vessels near the surface. 

Colonies of leucocytes are not ^infrequently seen within the deeper vessels, and 
nuclear reproduction appears to be vigorously progressing there (fig. 38); leucocytes 
with a single nucleus, some of them dividing, and with two, three, and four nuclei are 
indiscriminately seen. 

I have never seen the division of the leucocyte cell, and Flemming (14) states 
the division of the cell itself does not usually take place. The occurrence of an 
increased number of these cells in the deeper vessels would indicate that the increased 
number in the superficial tissues is brought about by an increased supply from other 
parts of the body; on the other hand, the occurrence of small leucocytes together 
with larger ones suggests local increase (fig. 38). 

With regard to the proportion of leucocytes to red blood corpuscles, there are 2 per 
cent, of leucocytes in vessels which are full of blood, while in ruptured vessels out of 
which blood has escaped there are 1875 per cent, of leucocytes. This fact shows very 
clearly that, since they do not migrate in any numbers from the vessels, the business 
of the leucocytes lies within the vessels and not directly with the degenerating tissues 
of the mucosa. 

The probability of the accuracy of this view is substantially increased by an 
examination of the percentages in Stage VIII., a record of which will be found in 
that section. 

A further change now takes place in the superficial stroma and in the epithelial 
cells (figs. 20, 21). Some of the superficial stroma retains the appearance observed 
in Stage IV. (figs. 18, 24, &c.), but a large proportion now consists of nuclei much 
shrivelled and surrounded by little or no appreciable protoplasm. 

These shrivelled nuclei stain very deeply, and it is with difficulty that any internal 
structure can be seen, I have, however, been able to determine the existence of the 
remnants of a nuclear network in many of them, in others it is not possible to do so. 

Close beneath the epithelium forming the outer covering of a lacuna, isolated 
stroma cells are scattered, these are all in the same condition as those described 
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above, and are undoubtedly undergoing degeneration (fig. 21); below the lacunas 
however the tissue contains normal as well as shrivelled tissue, while deeper in the 
mucosa the stroma has changed but little. 

The highly refractile nuclei seen in the previous stage are now recognized to be 
nuclei undergoing the preliminary stages of degeneration, their identity with the 
shrivelled nuclei of this stage is demonstrable. 

The nuclei of the uterine epithelium, especially where that layer covers a lacuna, 
are now also distorted in shape and of irregular size, while the protoplasm ol the cells 
has become less dense and has lost entirely those processes which connect the 
epithelium with the network of the stroma. 

The nuclei of some of the glandular cells near the surface are also shrivelled. 

There is little doubt that in all cases the cells so affected are destined to be thrown 
off during Stage VII. 

The glands remain the same as they were in the last stage; excretion continues to 
manifest itself in the contents of the glands. 

Stage VII.—The Formation of the Menstrual Clot. Figs. 8, 30. 

During Stage VII. the full extent of the act of denudation is reached, tho severe 
action disclosed being almost worthy of the term devastating. All over the body and 
fundus of the uterus the superficial portion, about one-third, of the mucosa, including 
uterine and glandular epithelium, stroma and blood-vessels, is cast away, leaving 
behind a ragged wreck of tissue, torn glands, ruptured vessels, jagged edges of stroma, 
and masses of blood corpuscles, which it would seem hardly possible could be satis¬ 
factorily healed without the aid of surgical treatment. 

When it is remembered that this extensive denudation of the mucosa is a periodic 
function in the adult animal so long as it remains unimpregnated, and when the 
various and complicated structures to which the mucosa gives rise when a fertilized 
ovum is present be recollected, it must be owned that we have here to deal with 
tissue of a most unusual character. 

I am not aware of any organ or tissue in the animal kingdom which is subjected 
periodically to such a completely devastating action as menstruation causes in the 
mucosa, and none endowed with such powers of recuperation as that tissue manifests. 

Fig. 8 is an accurate representation of a portion of a section through a uterus 
undergoing denudation. The cavity of the uterus contains debris in the shape of 
pieces of glandular and uterine epithelium, masses of stroma and red blood corpuscles, 
and leucocytes, both fresh and degenerated; and there a clot is in the act of being 
formed from this debris. 

-£be blood corpuscles are closely packed together, forming plastic cakes or lumps, 
and it is,noteworthy there are no signs of threads of blood fibrin amongst the debris. 

IVt&ny of the leucocytes in the uterine cavity are degenerated cells, their nuclei 
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being shrivelled and opaque, but living leucocytes are also seen, though not in a 
condition of active reproduction of their nuclei. 

Tire percentage of leucocytes is now much more equal in the vessels and on the 
surface ; in the vessels they exist at the rate of 3 per cent., and on the surface at 
2'5 per cent., in comparison with the red blood corpuscles. This equalization is pro 
bably due to the fact that the ruptured vessels, to which, in the previous stages, a 
great number of leucocytes were found adhering, have been themselves cast off, and 
their contents mingled with the extravasated blood. A continued supply is, 
however, maintained in the vessels. 1 ' 

The stroma may be thrown off as scattered cells in masses, and the glands may he 
entirely ejected, though more usually only the superficial part of them is broken 
away. 

The uterine epithelium is practically entirely destroyed over the whole surface of 
the mucosa ; a few small pieces are seen in fig. 8, still retained in situ , but from their 
position and surroundings it is more than probable they will be swept away before 
the process is completed. 

The portion of the mucosa thus cast off I propose to' call the mucosa menstrualis, 
in accordance with Wydeb/s (82) suggestion, whose reasons for rejecting the term, 
decidua menstrualis—namely, the absence of decidual cells in the menstrual mucosa— 
appear to me sound. 

In the deeper part of the mucosa the stroma suffers no change, the blood-vessels 
there are still possessed of complete walls, and are larger and more numerous than 
before, and there is no sign of extravasated blood in this region. 

Many of the stroma nuclei on the surface are shrivelled, and will doubtless be 
rejected eventually, the remainder appear like those drawn from a specimen of 
Stage VI., marked stj in fig. 20. 

Near the surface, vessels with complete walls are very rarely met with in sections; 
most of the blood in that region, and there is no inconsiderable amount of blood still 
remaining within the mucosa, is contained in lacuna spaces, some of which are in 
direct communication with the cavity of the uterus, while others are completely 
enclosed by, and retained within, the stroma (fig. 8). 

Those of the glands which remain deeply embedded are in a condition of consider¬ 
able activity, if we may judge from the material contained therein, but they, also, 
usually contain blood and cast-off cells, which have been washed into them through 
the mouth. The necks of these remaining glands project into the uterine cavity, 
often unsupported by any other tissue. 

Here the period of degeneration comes to a close; beginning with the breaking 
down of blood-vessels, it passes through the stages of lacuna formation, and culminates 
in the casting away of the menstrual mucosa. 


3 K 
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D. Period of Recuperation. 

Stage VIII.—The Recuperation. Figs. 9 to 12, 26 to 29, 31 to 36, 39 and 40. 

The history of the recuperation of the mucosa comprises an account of five important 
processes, namely:— 

1. The re-formation of the epithelium. 

2. The reduction of the blood supply. 

3. The formation of new and recuperation of old blood-vessels. 

4. The changes which take place in the stroma. 

5. The behaviour of the leucocytes. 

1. The Reformation of the Epithelium. —This process begins before the menstrual 
clot is expelled from the uterus, and prior to the cessation of the flow of blood into 
the uterine cavity. 

In the specimen from which fig. 9 is taken, a clot was present in the uterus, and 
fresh blood was flowing from the mucosa, but in various places on the uterine wall 
new epithelium was forming (ep.ut.). 

Fig. 33 is an enlarged representation of some of that epithelium which is formed 
of flattened cells; it covers a stroma of scattered nuclei embedded in protoplasm, 
whose long, irregular protoplasmic processes are disposed more or less parallel to the 
plane of the epithelium, and the meshes formed by these processes are filled with red 
blood corpuscles and here and there a leucocyte. 

These protoplasmic processes are directly continuous with the protoplasm of the 
newly-formed epithelial cells; the nuclei of the stroma and of the epithelium are 
remarkably alike, their structure is similar, they stain similarly, and, as far as I can 
discern, they are at this stage identical. 

I have found it impossible to trace many pieces of such flattened epithelium to a 
point of origin from uterine and glandular epithelium already existing. As I will 
show directly, the torn epithelium at the mouths of the glands does give rise to some 
of the new uterine epithelium, but there is a large proportion of epithelium now 
formed, which I cannot convince myself is derived from any pre-existinff epithelial 
structures. 

In the drawing before us (fig, 33} there is a cell marked y ; this cell is undoubtedly 
included in the same layer with the cells forming the epithelium, and at the same 
time it is quite impossible to separate it from the stroma cell as, which lies directly 
below it in the figure. The cell as is, without doubt, a stroma cell in close contact 
with three other stroma cells lying alongside of it, and its intimate relation with y 
makes it exceedingly probable the latter has been, drawn into its present position from 
below. i 

' Euch, 'instances as this are very numerous where isolated flattened epithelium is in 
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course of formation; sometimes a cell like re will be found somewhat more completely 
included in the epithelial layer, sometimes less completely removed from the rest of 
the stroma. 

-The transference of elements of the stroma to the epithelial layer is not, however, 
confined to such places as fig. 33 represents. Fig. 31 is a drawing of the growing point 
of a piece of epithelium, which is directly connected with the epithelium of a gland at 
its mouth. That end of the epithelial layer, marked ep,ut. y consists of columnar cells, 
and is directed towards the mouth of the gland, while, at the opposite end, the cells 
are flattened and the nuclei arranged longitudinally. Below the flattened epithelial 
cells and beyond them, is stroma tissue, which is so intimately connected with the 
former that it is quite impossible to determine to which layer it belongs now, or will 
belong in the future. Instances of this description are always very numerous, 
and increase the probability that stroma cells take part in the re-formation of 
the epithelium of the mucosa. 

Other specimens, of which fig. 32 is an example, conclusively prove that some of the 
epithelium is formed by the division of cells already occupying that position. In this 
figure the nucleus of the terminal cell of a growing point of epithelium is seen in the 
actual process of simple division, and the relation of the stroma below, while 
showing connection with the epithelium, gives no indication of participation in the 
reproduction of that layer in the region from which this specimen was derived. 

It is to be noted also in this specimen, that the nuclei of the epithelium, which are 
not yet columnar in arrangement, are closely packed, and have the appearance of 
having been produced in situ by division. 

The further growth of the epithelium is shown in figs. 10, 11, 34, 35, and 36; 
during which the columnar arrangement is gradually resumed. At first (fig. 34) the 
nuclei are very irregular in shape, size, and arrangement; gradually, however (fig. 35), 
their arrangement becomes more uniform, and in fig. 36, which is taken from the same 
uterus from which fig. 10 is taken, they are but little different from the nuclei of the 
epithelium of Stage I, (fig. 14). 

The cells marked d in figs. 34 and 35 are columnar cells, whose nuclei are undergoing 


simple division. 

The so-called glands of the uterus are specialized portions of that epithelium whifth 
lines the cavity of the uterus, and as the deeper portions of the glands are not as a^male 
cast away with the menstrual mucosa, but remain firmly fixed in the deeperopa&rbs'rdf 
the .mucosa, their cells are at band when the time comes for the re-forhAiioffAffihe 

uterine epithelium. . . " 

There is no doubt that a certain part of the new epithelium ha&f'its brlginffropcptb© 
torn edges of the glands, but I have been able to assure myself that 
epithelium has not such origin, and I have shown there are j ^%um^isfsft^hc33s.*3£lthe 
occurrence of flattened epithelial cells on the surface of bheftarii j abe foot 

connected with glandular epithelium, and which are deri^t^ffl^ll^of^stnoim ^ 

3 -K. 2 
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further, I have shown that, at the growing point of epithelium already differentiated, 
stroma cells are probably drawn into the service, and assume the properties of 
epithelial cells. 

The similarity of the nuclei in these two layers at the close of menstruation and 
during the recuperation stage, is perhaps further evidence in favour of my view. 

I would here draw attention to a circumstance which may be considered to confirm 
the opinion that the stroma does give rise to epithelial cells. 

There are, during Stage VIII., small masses of tissue not quite torn away from the 
rest of the mucosa, but hanging to it only by the protoplasmic processes of a few cells, 
and which consist of blood corpuscles and stroma cells. Some of these pieces are 
enclosed by the new epithelium, but some are not so enclosed. In the latter case the 
epithelium bores its way through the slender attachment, and so cuts off the 
dependent piece. 

Two pieces of this description are shown in fig. 9 (marked re), and it is noticeable 
the outer layer of cells in one of these pieces has the appearance of flattened 
epithelium. 

The outer layer of certain pieces is more marked than it is in others, but in all the 
same tendency is observed, and, in some, the likeness of the flattened outer layer to 
newly-formed flat epithelium is very remarkable. 

Finally, the history of the development of the uterus shows that it is formed from 
the coalesced Mullerian ducts, and that the epithelium of the embryonic duct, which 
forms these parts, is at one time of a stratified character, becoming modified later into 
cylindrical epithelium (6 and 76). 

This epithelium is derived from embryonic mesoderm cells in the embryo, from the 
same layer of cells, in fact, which gives rise to the rest of the mucosa. 

It can, then, hardly he a matter of surprise to find, in dealing with a tissue which 
has so many primitive characteristics, that the new epithelium formed after * the 
menstrual mucosa is cast off, is first of all formed of flat cells, and that its re-formation 
may be due largely to the specialization of cells from the same layer which, in the 
embryo, performed the same feat. 

1 should here draw attention to the absence, on the healing surface of the mucosa, 
of any pus. The multi-nucleated leucocytes, which give rise to pus, are either washed 
away with the menstrual flow, or included within the newly-formed vessels of the 
circulatory system. 

2. The Reduction of the Blood Supply .—-On this matter I have little to say. There 
is, undoubtedly, an escape of blood, while the menstrual clot is still in the uterus, and 
if appears that, this flow is checked, if it does not altogether stop, when the clot is 
evacuated, 

- shows that an involuntary muscle during contraction becomes anaemic, 

result of the contraction of the muscles of the uterus, which are involun- 
a diminution of the blood flow. It would thus seem possible that the 
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contractions of the uterus performed in order to expel the clot would have the effect 
of checking the flow of blood to the organ. 

Again, as we have seen, epithelium grows over the tom mucosa before the clot is 
expelled. I cannot say it grows over the whole surface, but it undoubtedly encloses 
a considerable part of the stroma while the clot is in utero, and, in so doing, prevents 
haemorrhage. 

These two circumstances combined, probably suffice to check the flow of blood, 
whioh the completion of the epithelium and the formation of new blood vessels 
entirely stops. 

3. The Formation of New and the Recuperation of Old Blood Vessels. —The 
formation of new capillaries is one of the earliest signs of recuperation. In fig. 9, 
although there is still much extravasated blood in the mucosa, many new blood 
vessels have been formed in the superficial region; while in fig. 10 all the extrava¬ 
sated blood has been enclosed within vessels, with the exception of a few isolated red 
blood corpuscles scattered here and there in the tissue. Newly-formed capillaries are 
shown in figs. 20 and 28. 

As I have already shown in Stage VII., during which hypertrophy of the stroma 
prevails, extravasation of blood corpuscles takes place. The corpuscles lie within the 
meshes of the stroma, in spaces which are to some extent filled up by the distended 
protoplasm during this stage. When the hypertrophied tissue recuperates the 
distended protoplasm is largely withdrawn, and the resulting processes are fewer, 
firmer, more dense, and stronger; at the same time this withdrawal of the hypertrophied 
protoplasm leaves angular spaces in which the corpuscles lie. 

Such a condition is attained during the early period of Stage VIII. Subsequently, 
in those spaces in whioh the blood corpuscles lie, the angularity gradually disappears, 
and a regular rounded smooth-walled space is formed, continuous with certain 
neighbouring spaces similarly constituted. 

The protoplasm of the cells bounding these spaces flattens out, the nuclei of the 
cells becoming also flattened and elongated, and numerous fine capillary vessels are 
thus formed, continuous in the deeper parts of the mucosa with larger pre-existing 
capillaries, and so with the circulatory system. 

These fine capillaries exist only temporarily ; when the blood corpuscles are again 
drawn into the circulation, and when the mucosa has shrunk again to its resting 
condition, the fine capillaries are no longer seen ; but during the time in which the 
reclaiming process goes on they exist in very large numbers. 

It appears that the only known mode of creation of new vessels in pathological 
formations is by the development of offshoots from the walls of existing vessels 
(85); Quain (56) describes the usual method of the formation of vessels in 
the embryo by canalization of connecting tissue cells, and Balfour (2) describes 
also larger vessels formed from solid cords of cells, the central cells forming the 
corpuscles, and the peripheral cells the walls of the vessels, 
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None of these methods is adopted in the formation of the new capillary vessels 
of the mucosa. They are undoubedly formed by enclosing intercellular spaces with 
the protoplasmic processes of the stroma cells ; they are developed in countless 
numbers; wherever a solitary corpuscle is present in the midst of the tissue, there a 
vessel is formed, they cannot, therefore, be derived from the cells of the walls of vessels 
already existing. 

With regard to canalization there seems no reason at all to suppose that the spaces 
in the network of the stroma are intracellular. They are undoubtedly intercellular 
spaces. Balfour states that Gotte (18) finds that the larger vessels in the Frog 
are formed as longitudinal spaces, the walls of which are derived from the indifferent 
cells bounding these spaces, which become flattened and united into a continuous 
layer. This is the only observation which I have been able to find which is at all in 
accord with the description given above. 

There is no appearance of disintegration in the blood corpuscles which are retained 
in the tissue of the mucosa; their even contour and general appearance is the same 
as before the rupture of the vessels. 

When the final stage of recuperation is reached (fig. 11) the vessels all over the 
mucosa are reduced in size (compare figs. 9, 10, ll), the minute branches described 
above (fig. 26) are but rarely seen, most of them have entirely disappeared, and tho 
extravasated blood has been drawn again into the circulation. 

Fig. 28 shows the appearance of a capillary situated near the epithelium, about the 
close of the recuperation stage. 

As to the recuperation of the old vessels, a stage is shown in figs. 27a and 27b. 
The hypertrophied nuclei become reduced in size, and the swollen protoplasm of the 
cells is contracted and becomes more dense (compare fig, 25). The inner boundary of 
the wall of the vessel is now once more sharply delineated, and the vessel itself 
reduced to its normal size. The vessels in both these figures (figs, 25 and 27) were 
situated in the deeper part of the mucosa. 

4. The Changes in the Stroma .—These changes are practically the same as those 
changes which reduce the cells forming the walls of the hypertrophied vessels to a 
normal size and consistency. Just as the swollen nuclei and cell processes of the 
vessels in fig. 25 become reduced to the proportions of those in fig. 27 ; so the 
enlarged nuclei and swollen protoplasm of the stroma, seen in fig. 24, give place to 
the compact, darker staining nuclei and fine thread-like protoplasmic processes seen 
in fig., 28. 

This change is not simultaneous, nor, apparently, very rapid; cells which are still 
hypertrophied are seen in the midst of other cells which have assumed their normal 
Bize>, and it is easy to trace the gradual return of the tissue to a resting condition 


filhitiplication of the nuclei of the stroma goes 6n to a limited extent, especially 
* stages of recuperation and near the surface of the mucosa (such cells are 
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shown in tigs. 31, 33, 34, and 36, and marked d), but the amount of tissue so formed 
is not great. Ihe method employed is either constriction into two by amitotic 
division or fragmentation (fig. 29). 

Here again my observations are at variance with Ziegler’s (84) conclusions, 
inasmuch as although the cells so formed constitute tissue which is probably destined 
to be cast off as the next menstrual mucosa, still that end will be preceded by a stage 
of very active reproduction ; hence, although the product of these cells may be 
destined to die, yet amitotic division in their case now, does not indicate the end of 
the series of division. 

The effect of the reduction in size of the hypertrophied mucosa and the effect of the 
withdrawal of the extravasated blood into the circulatory system, naturally is to 
reduce the bulk of the tissue enclosed by the new epithelium. In consequence of this 
reduction of bulk the tissue is at first very open, the stroma is then drawn together 
and the epithelium follows. 

A stage is shown in fig. 10, in which the stroma has become more compact, leaving 
behind the thin layer of newly-formed epithelium, but retaining connection therewith 
by means of excessively long and very delicate protoplasmic processes. 

The epithelium then follows, its flattened cells becoming converted into columnar 
colls, and thus increasing the thickness while decreasing the length of the layer. 

The cells of the glands in the region of the mouth of the gland are similarly 
affected, as a comparison of figs. 10 and 11 will show. 

A still more efficient means of reducing the length of the epithelium is a process of 
folding, which takes place in that layer on the surface of the mucosa and in the walls 
of the glands themselves. 

This folding of the epithelium is shown in fig. 11, and it is by this means that new 
glands are formed, which take the place of those lost in the mucosa menstrualis. 

It is worthy of note that these new glands are formed from newly-formed surface 
epithelium, as well as from epithelium which already functions as glandular 
epithelium. 

5. The Behaviour of the Leucocytes .—The leucocytes seen in the earlier periods of 
Stage VIII. are very numerous, and it is a noteworthy fact they are, almost without 
exception, found congregated in the newly-formed capillaries, or included amongst the 
masses of red blood corpuscles which will eventually be enclosed within the circulatory 
system. 

Isolated wandering leucocytes apart from red blood corpuscles, at this period are 
very rare indeed, and, after the new vessels are completed and all the extravasated 
blood reclaimed, I have never met with a wandering leucocyte. 

The actual proportion of leucocytes to red blood corpuscles within the superficial 
vessels is much greater now than it ever has been before. Pig. 40 is a drawing of a 
newly-formed vessel, and the leucocytes therein reach the proportion of 47*115 per 
cent. 
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This is not aD isolated instance; I have frequently seen such vessels containing 
more than 50 per cent, of leucocytes. 

In this stage, as in the earlier stages, when the leucocytes first became numerous, 
active division of the nucleus is going on. 

The horse-shoe nucleus, the large single round nucleus, or the same dividing, the 
small nucleus either single or in the act of division, and leucocytes with two, three, or 
four nuclei, are all commonly seen within the vessels (fig. 89 a). 

In one specimen I saw a leucocyte whose large single nucleus was in the act of 
division into four by fragmentation (fig. 39 b); this, however, is an exceptional 
specimen, the commonest are those represented in fig. 39 a. 

The absence of the phenomena of diapedesis, the absence of wandering leucocytes 
in either the deep or superficial layers of the mucosa, and the fact that leucocytes take 
no part in the re-formation of the tissue are points of no little interest, and require 
further notice. 

Cohnheim asserted that colourless corpuscles of the blood are a source of the new 
tissue which an inflammatory process may produce, and he is supported by various 
writers, mention of whom is made in a paper by SHERRINGTON and Ballanoe (65). 

Amongst these perhaps the chief supporter of Cohnheim's view is ZlEGLER 
(86, 87). Sherrington and Ballanoe also give a list of writers who deny to the 
migrating leucocytes any power of further development, and seek to show by their 
own experiments that Cohnheim and Ziegler are wrong. 

Since then Metohnikobf (45) has attempted to prove that mononuclear leucocytes 
are capable of transformation into epithelial cells, and quotes researches to prove 
that the nuclei present in polynuclear leucocytes may fuse together and form a 
mononuclear leucocyte. 

My researches, hitherto carried on upon preserved tissue only, and studied by 
means of sections, cannot be utilised with the hope of making important additions 
to the knowledge which has been gained by the admirable investigations of the 
wnterB quoted above ; nevertheless there are certain facts shown in my preparations 
which are not without interest. 

The peculiarities of the nucleus or nuclei of leucocytes and the readiness with 
which they stain, make them very prominent objects in section, and serve to dis¬ 
tinguish them readily from the cells of the surrounding tissue ; so that I have some 
confidence in stating they do not appear, in my specimens of recuperating mucosa, to 
take any part whatever in the re-formation of that tissue. 

As I have already pointed out, the greatest proportion of leucocytes are always 
found in the vessels,, not in the tissue. Further, not only is there no evidence of 
diapedesis of , leucocytes, but they show no signs of taking advantage even of ruptnred 
vessels ;in order to migrate into the surrounding tissue; their presence outside the 
$ppear$ to be due- either to the force of the rush of blood which 
from their hold upon the walls of the vessels, or to the fact that they 
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are scattered by the breaking up of the tissue itself. At all events their dissipation 
either causes their degeneration in situ, or the loss by the menstrual flow of all those 
which are not included again in the circulatory system. 

Under these circumstances the presence of leucocytes in such large numbers would 
appear to be unnecessary. 

According fco Metchnikoff, the congregation of the leucocytes in the vessels near 
the surface, indicates the presence there of noxious material. The casting off of the 
menstrual mucosa together with this irritating substance, and the rapid, clean healing 
of the wounded surface would have the effect of clearing away that which the 
leucocytes were summoned to absorb ; their protective presence in this instance then 
is not required, and they may be said to have beeu induced to appear on the scene to 
undertake duties which are otherwise performed. 

In a case of suppressed menstruation, possibly the leucocytes would play a very 
different part, and it would be a matter of great interest to determine what that part 
might be; but where menstruation is normal and where there is a sufficiently 
complete denudation, it does not seem improbable that the necessity for the presence 
of the leucocytes is by this means greatly reduced, if not altogether removed. 

If this suggestion is correct, the absence of wandering leucocytes in the tissues and 
the freedom from pus on the wounded surface is rendered more intelligible ; while the 
already noticed remarkable peculiarities which are observed during the process of 
menstruation are accentuated, and we have increased reason for the belief that we 
have here a recurrent process which is unique in the animal economy. 

Ovulation. 

The relation of ovulation to menstruation has long been, and still is, a matter of con¬ 
troversy, and I therefore paid some attention to the matter when removing the 
generative organs from the specimens of S. entellus obtained in Calcutta. 

The results of these observations are as follow :— 

In Stage I., of which stage six specimens were examined, no discharged follicles 
were seen in either ovary of any of them; in three specimens there were prominent 
Graafian vesicles, and in the remaining three there were none visible. 

In Stage II. there were also six specimens; in none of them was there any sign of 
recent discharged follicles; but in one specimen two old cicatrices were seen in one 
ovary. In four specimens prominent vesicles were seen in one ovary or the other, and 
in two there were none visible. 

In Stage III. there were four specimens, of which one showed a red corpus luteum 
in the right ovary, ■ The fimbriated extremity of the Fallopian tube was remarkably 
pronounced, and sp'read out as if it had been recently active; but there was no sign 
of cilia on its epithelium, and no trace of an ovum either in the uterus or in the 
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Fallopian tube itself. The other three specimens had no discharged follicles ; in one 
of them two prominent Graafian vesicles were present, but in the other two, none. 

In Stage IV., of which there were six specimens, one showed a large pendent corpus 
luteum on the right ovary, and one showed evidences of cicatrices in the right ovary. 
Five specimens showed no discharged follicles, four of them no prominent vesicles, and 
two a few vesicles which were somewhat prominent. 

In Stage Y. there were five specimens, in none of which was a discharged follicle 
visible; in one there were, however, several small cicatrices in the right ovary, In 
three specimens there were more or less prominent Graafian vesicles, but in the other 
two none which were raised. 

In Stage YI. there were five specimens also, one of which had an old corpus luteum 
in the left ovary, and one a cicatrice in the left ovary. None, however, had any 
recently discharged follicles; two were possessed of prominent vesicles, and the other 
three had none prominent. 

In Stage YII. there were four specimens, in none of which was there a sign of a 
discharged follicle. Two of them had prominent vesicles and two none prominent. 

In Stage YII! there were twelve specimens; in none of them were there either 
corpora lutea or recently discharged follicles or cicatrices to be seen; in four of them 
there were prominent vesicles in one or other ovary, in four, semi-transparent spots 
could be discerned, and in the remaining four, none, 

Besides these, in a specimen in which an embryo in utero was being aborted, there 
was a large reddish-yellow corpus luteum in the left ovary, and in two more speci¬ 
mens, which had recently borne young, there was a large corpus luteum in the left 
ovary of each of them; while in three specimens, which had borne young some time 
ago, and were then suckling them, no corpora lutea were seen, and no prominent 
Graafian vesicles. 

Thus, as far as discharged follicles are concerned, it is seen that out of forty-two 
menstruating specimens, none of which had recently borne young, only two had a 
recent corpus luteum in their ovary. Such a result appears to me amply sufficient to 
warrant the statements :— 

First, that ovulation does not necessarily occur during each menstrual period ; and 

Secondly, that menstruation is not brought about by ovulation. 

It will be observed, however, that the only two recently discharged follicles which 
were seen, occurred in specimens of Stages HI. and IY. of menstruation; and it will 
he remembered that the first great increase of the blood supply to the uterine mucosa 
takes place at these stages. It is no doubt possible that this increased blood supply 
may affect the ovary, and may have a tendency, by means of pressure to induce 
ovulation where an ovum in a sufficiently advanced stage of development is present. 
In my opinion, this is a very probable view; it does not, however, permit of the 
inference that an ovum is actually dehisced at each menstrual period, but rather that 
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]f fin ovum m a sufficiently ripe state be present, tbe congestion "which, occurs during 
the menstrual period may cause it to be shed. 

It is quite possible such a circumstance may occur in animals which menstruate 
and whose generative organs are gorged with blood at these times, though I do not 
consider there is any definite proof of the fact: at any rate, it is generally believed 
that in the lower Mammals “ heat ” is coincident with ovulation, and in these animals it 
would seem highly probable that the congestion which occurs during “ heat ” may bring 
about the rupture of ripe follicles in the ovaries. 

With regard to the prominent Graafian vesicles, it may be urged that these 
vesicles are on the point of discharging the ova contained therein, and that they 
would have done so before menstruation was over. 

During Stages II. to VIII., that is during menstruation, eighteen specimens were 
seen in which there were prominent vesicles in one ovary or the other, while twenty- 
two specimens, during the same stages, had no prominent vesicles at all. So that it 
would seem quite certain that twenty-two of these individuals, out of a total of forty, 
would not have undergone ovulation during the menstrual period then in progress, 
under any circumstances ; and this evidence is again sufficient to show that ovulation 
and menstruation are not necessarily simultaneous processes. 

But I do not believe that the prominence of a vesicle is any proof whatever of its 
complete maturity. 

It is not at all unusual to find very prominent Graafian vesicles alongside of newly 
discharged follicles in Rabbits’ ovaries 36 hours after copulation, at which time 
fertilized ova are found already part way down tbe Fallopian tubes, and I question 
very much the value of results which have been deduced from assumed knowledge of 
the degree of ripeness of a Graafian vesicle. 

The evidence here offered then, points to the conclusion that the ripening of an 
ovum in the ovary is independent of the process of menstruation, and that ovulation 
is neither the cause nor the necessary result of menstruation. It is possible, however, 
that the increased blood supply to the generative organs during menstruation may 
induce ovulation when a sufficiently ripe ovum is present. 

To what extent coitus may exert influence in the same direction I am not in a 
position to say from observations on S. entellus. Playfair (54) seems to think the 
stimulus of sexual excitement may cause the rupture of a ripe follicle; and certain 
observations I have made on Rabbits, lead me to think this view is possibly correct. 

Account of Recent Literature and Conclusions. 

1. Menstruation in Monkeys . 

On the subject of tbe menstruation of Monkeys, little has been hitherto written. 
Rengger (62) observed a discharge from tbe vagina of a species of Cebus which 
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recurred at intervals of three, six, or ten weeks, the periods being irregular and the 
amount of discharge small. 

Geoffroy Saint-Hilaire and Cuvier (16) described a discharge of blood, with 
enlargement of the sexual organs each month, in Cercopithecics , Macacus , and Cyno- 
cephalus —three species of Monkey. [See also Ehrenberg (9) and Neman (51)]. 

Recently J. Bland Sutton has paid some attention to the subject, ancl in a paper 
published in the ‘ British Gynaecological Journal ’ (74) has given an account of his 
observations. 

He finds that Macacus menstruates fairly regularly, and that there is a discharge 
of blood. He states there is no shedding of the lining epithelium of the uterus, and 
no disintegration of the mucous membrane; the latter, however, becomes congested, 
and blood emerges therefrom in much the same way as blood escapes from the nasal 
or buccal cavities in Man, during congestion. 

Sutton’s results, then, differ much from those detailed in the present paper for 
S. entellus. His figures are too diagrammatic to enable one to form a very definite 
opinion, but it would appear probable he has missed my Stages IV., V., VI., and 
VII., unless, indeed, the menstrual process in Macacus is very much curtailed when 
the animal is kept in this country. 

A cursory examination of the menstruating uteri of M. rhesus, which I collected in 
India, gives me very strong reason to believe that a process, almost identical with that 
described for S. entellus, takes place also in M. rhesus during menstruation. 

Possibly the cold climate of England acts as a check on the free menstruation of 
animals which naturally live in a much warmer climate, and this may be the reason 
why Sutton, who, I fancy, obtained all his material in London, did not see in them 
the denudation process. 

The above is the only paper I know of in which any attempt is made to describe 
the histological changes which take place in the uterus of the Monkey during 
menstruation. 

2. Menstruation in Man. 

I pass now to the phenomena of menstruation as described for the human female. 
An immense amount of work has been done in this connection. I do not propose to 
enter here into an exhaustive criticism of the voluminous literature of the subject. 
From time to time critical accounts have been published, the most recent with which 
I am acquainted being Meyer’s (46) and Steinhaus’ (70), both of which appeared 
in 1890. 

It appears to me advisable, however, to refer briefly to the work of some of the 
more recent authors, and to point out where their results and the results arrived at 
in the present paper differ or are in accord. 

There are few observers who now hold the view that no denudation takes place 
dining menstruation; most of them Consider that, at any rate, the epithelium, or part 
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of it, is cast oft, and many have come to the conclusion that, although Williams (78, 
79, and 80) has possibly exaggerated the extent of the denudation, yen still a certain 
portion of the stroma is expelled as well as the epithelium of the mucosa. 

It does not seem to he improbable that the extent of the denudation normally 
varies in different individuals, and, further, that the same individual experiences more 
or less severe menstrual denudation at different times. This variation, in the 
severity of the process, may possibly account for much of the difference of opinion 
found amongst gynaecologists on this matter; but a more probable cause of the 
various views held appears to me to be the fact, that a sufficient number of specimens 
of human menstruating uteri, in good preservation, are rarely obtainable by any one 
investigator. For instance, it is not unffequently stated that uteri at the height of 
the menstrual period, and filled with blood, are found to be possessed of uterine 
epithelium intact, and such evidence is considered sufficient to prove that neither the 
epithelium nor the underlying stroma is cast off during the process. The evidence I 
have brought forward in this paper, however, shows that, although it is quite true 
the uterus may be filled with blood while the epithelium is apparently intact—the 
blood being derived from the lacunae through minute ruptures in the ’epithelial 
covering—examinations of later stages do show denudation, and prove that the 
full height of the menstrual cycle is not reached when the blood first flows into the 
uterine cavity. 

Djb Sinety (68) examined the uteri of many women during different stages of 
menstruation, and he asserts that in no case was desquamation observed, and that 
the epithelium was always present. De Sinety explains that the specimens he 
examined were taken from women who had died from severe cold, and were practically 
frozen ; he claims that, oil this account, his material was in a better state of preserva¬ 
tion than could possibly be obtained in any other manner; and decides that when the 
uterine epithelium is shed it is due to pathological conditions. 

It appears to me more than probable that the severe cold which caused the death of 
the women, also arrested the progress of menstruation, and that the uteri he 
examined were in a state of suppressed menstruation; if this is so, his results would 
be sufficiently explained. 

The suppression of menstruation in consequence of a chill is a matter of very 
frequent occurrence, how much more then would cold which was sufficient to cause 
the death of the subject, serve to arrest the progress of a function which may be so 
very readily disarranged. 

An extraordinary theory, broached by Dr. Hottenier, and drawn attention to by 
DE Sin&ty, is founded on these results. It claims that, as the menstrual blood cannot 
be shed between the epithelial cells, it follows that the glands are the channels 
through which the blood escapes; there appears, however, to be absolutely no 
evidence in favour of this view. 

The work of Ktjndrat and Engelmann (34), reproduced in an article by the 



446 


MR. W. HEAPS ON THE MENSTRUATION 


latter author (11), is perhaps the most important contribution that favours tho 
view that no denudation takes place; these authors state there is no shedding of 
mucous membrane ; cells, however, were found among the ddbris of the menstrual flow, 
presumably epithelial cells, but it is denied that the whole of the epithelium is 
cast off. 

A. swelling of the mucosa is described by these authors, due to the growth of the 
stroma of the upper part of the mucosa, also an increase of intercellular substance, and 
an enlargement of glands and vessels, followed by haemorrhage. Tho haemorrhage, it 
is claimed, is always confined to the surface of the lining membrane, and is caused by 
the rupture of the vessels in that region; this rupture of vessels being due to 
disintegration changes (fatty degeneration) which is specially marked upon the 
surface of the uterus. It is concluded that the haemorrhage is not duo to congestion 
of the organ, because far greater hypereemia exists in pregnant uteri without any 
haemorrhage. 

Much of this work is very much in accord with my own results, but appears to stop 
short at my Stage IV. The period of growth is fully described, but the period of 
degeneration is not completed, the swelling of the stroma, increase of vessels, their 
congestion and haemorrhage due to hypertrophy and degenerative causes (not fatty 
degeneration, however) being described in the account I have given above, for 
S. enidlus. 

I fully agree with these authors that the rupture of the vessels is ultimately duo to 
degeneration, but canuot go so far as to Say it is not primarily due to congestion; 
hypersemia undoubtedly precedes the rupture of the vessels, and there seems to be 
good reason to suppose that a state of congestion is naturally followed by degeneration 
of the walls of the vessels and the surrounding tissue. The fact that increased 
hypersemia exists in pregnant uteri without haemorrhage, may be readily accounted 
for by the presence of the embryonic membranes over the surface of the uterus. 

Morioke (50) is more emphatic in his statement that the mucous membrane is 
neither partly nor wholly cast off during menstruation. He says that the inter- 
glandular stroma is not increased, and that fatty degeneration, except perhaps to a 
trifling degree, is never shown. He also describes an increase in the homogeneous 
ground substance of the mucosa, and states that the vessels enlarge, become filled 
with blood, and there is an occurrence of extravasation of blood in the upper layer of 
the mucosa. 

This author, then,, does not appear to distinguish a period of growth of the same 
extent as I have. described, and denies the existence of a period of degeneration 
altogether. 

More recently Oliver (52) has expressed somewhat similar views, and states 
that he has examined - uteri (post-mortem) both before and during the menstrual 
period, and has never found evidence of any change in the tissue, So that here we 
Slid even a period of growth denied. 
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It is impossible to reconcile these results with my own researches or with those of 
the authors quoted below, and one can only suppose, either that the specimens examined 
were uteri of individuals who were all suffering from suppressed menstruation, a very 
improbable supposition, or that these authors have not been fortunate enough to 
obtain a complete series of menstruating uteri. 

Aveling (1) urges the view that there is a periodical formation of a membrane 
lining the body of the uterus, the development taking place during the intermenstrunl 
period ; that in the absence of a fertilized ovum, degeneration, caused by a cessation 
of nutrition, loosens its attachments, and it is expelled by contractions of the uterus, 
generally in small portions, but sometimes whole, as a three-cornered bag. 

Finally, he believes that menstruation is probably determined by the act of 
cc denidationas he calls it, because it is from the denided surface that the menstrual 
flow comes. 

This author considers the formation of the membrane and menstruation as two 
separate processes, the former being a preparation of the uterus for the reception of 
an ovum, while the latter is a secondary process due to denidation. 

I will refer to this view later on, and will here merely remark that my own results 
are t6 some extent in accord with those of Aveling. He finds and differentiates periods 
of growth and degeneration as I do, but he appeal's to consider them less closely allied 
than my observations allow me to admit. 

Williams (78, 79, and 80) describes a period of growth in the mucous 
membrane prior to menstruation, and describes the latter as produced by fatty 
degeneration of the uterine mucosa. This degeneration, he says, commences within 
the internal os and extends to the fundus, is followed by disintegration ; which includes 
the whole of the mucous membrane, the glandular and mucous elements, and the 
walls of the superficial vessels; and thus causes haemorrhage. In this author’s opinion 
the denudation is so complete that the muscular coat is laid bare. The re-formation of 
the mucous membrane is described as beginning at the internal os and extending 
gradually towards the fundus, the new tissue being produced partly from the fibres of 
the muscular coat and partly from the stroma. 

Williams’ results have not been generally accepted; it has been argued that his 
material, mostly derived from subjects who died from fever, was unsatisfactory, 
and that doubtless the completeness of the denudation was due to disintegrating 
changes produced, not by menstruation, hut by the disease from which the patient 
suffered. Exception has also been taken to his description of the re-formation of the 
mucosa from the muscle layer. 

Williams has attempted to meet this latter objection (79) by arguing that the 
inner muscle layer of the human uterus is really a portion of the mucosa, and he has 
presented a comparative account of the structure of the uterus in various animals in 
support of his view. 

I have not myself had an opportunity of investigating the comparative anatomy of 
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the uterus, nor, what is more important, the comparative development of the mucosa, 
and cannot offer an opinion on the relation of the muscular layer of the human uterus, 
I can only say that in S. entellus the denudation is superficial and does not approach 
the internal muscle layer. 

I do not agree with Williams in ascribing the degeneration to fatty degeneration, 
but that is a small point; our results agree as regards the occurrence of periods of 
growth, degeneration, and recuperation; but Williams denies there is any period of 
rest, and states the nearest approach to uterine rest is during the menstrual flow 
when disintegration is going on. 

Here, again, our results differ; I find that the epithelium begins to re-form while 
the menstrual flow is still going on, and that there is certainly no sign of rest at 
that stage. 

Williams appears to think the process of growth in the mucosa occupies the 
whole of the time after the cessation of the menstrual flow until degeneration again 
occurs ; whereas I find there is a space of time after the flow has stopped, and after 
the recuperation has concluded, during which the tissue of the mucosa is in a state 
of rest. 

Underhill (77) finds in the uterus of a woman who died immediately after men¬ 
struation, that the superficial part of the mucosa was wanting, but he disagrees with 
Williams in stating that all the mucous layer is shed. 

Leopold’s researches (88) lead that author to express the view that pieces of the 
superficial mucosa are cast off, and that the bleeding is derived from the capillaries, 
which are much swollen, by diapedesis; and he denies that bleeding is due to fatty 
degeneration. He describes a growth of the mucosa which is so considerable that it 
almost entirely fills up the cavity of the uterus, prior to the bleeding, and a subse¬ 
quent return to its normal thickness. 

The regeneration of the mucous membrane, he states, begins at the close of the 
bleeding stage. The swollen vessels of the upper surface are partly resorbed, partly 
broken off, and the gaps left in the superficial mucosa by denudation are filled up by 
the growth of neighbouring cells, and the cylindrical epithelium of the glands. The 
author gives a description of the histological elements of the human mucosa which is 
very different from that which obtains in the mucosa of S. entellus. 

I cannot but think it will be found that Leopold’s results are based upon an 
incomplete series of menstruating uteri. 

Wtder (82, 83) believes there is a variable amount of the upper part of the 
mucosa cast off in different cases, sometimes the whole of it being denuded, at other 
times the amount is minimal (Spiegleberg (69)). In all cases, however, a well pre¬ 
served portion is left behind. The denudation he considers due'to menstrual bleeding 
and not to fatty degeneration, the latter, in his opinion, being a consequence of the 
destruction and denudation of the tissue after the bleeding. The regeneration of the 
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epithelium he describes as due, as much to the glandular as it is to the remaining 
epithelial cells of the surface of the uterus, which remain behind. 

Wyder calls attention to the marked difference between the cells of the upper and 
middle layer of the mucosa of the menstruating uterus and the cells of the decidua of 
a pregnant uterus, and suggests the cast-off portion should be called mucosa menstru- 
alis instead of decidua menstrualis, in order to avoid confusion. This suggestion I 
have adopted in the account given of my own observations. I cannot agree with this 
author that degeneration of the mucosa is due to the denudation process ; in my 
preparations degenerated tissue is undoubtedly present before denudation takes place. 

Johnstone (29) describes the mucosa of the menstruating uterus as similar to 
that of the non-menstruating organ, except that the epithelium is cast off and washed 
away. He considers the material used by Williams to be unsatisfactory, and 
criticises Aveling-’s observations as entirely erroneous. He believes the growth of 
the corpuscular element of the mucosa (“ endometrium ”) is continually going on by 
means of the gradual growth of the granular elements contained in the “ sustentacular 
threads,” and not by division of the cells themselves; and that the products of this 
growth in the non-pregnant uterus are washed away by the menstrual flow. I cannot 
discover that Johnstone presents sufficient evidence to render his views of the 
formation of cells de novo at all probable: and his description of the “continual” 
growth of the mucosa is probably due to the fact that he has not seen menstruating 
uteri throughout the whole of the denudation period. 

Overlaoh (53) finds the upper surface of the mucosa is almost entirely cast 
off. He considers the cause of menstrual bleeding to be venous congestion, brought 
about by the compression of the veins in the muscular wall of the uterus, and the 
actual escape of blood to be derived from the capillaries witliin the mucosa by 
diapedesis, and from those on the surface by rupture. In contradistinction to Wyder, 
Overlach believes that a formation of decidual tissue does take place. (See also 
Gtjsserow (19), and Levy (40)). 

Feoktistow (13) believes there is no doubt that fatty degeneration may appear 
in the menstruating mucosa, and that there may be a loss of uterine epithelium, but 
the menstrual bleeding he considers an inconstant and immaterial symptom. 

Kahlden (30) says that in all probability the whole of the epithelium of the 
surface, together with a considerable part of the- mucous membrane, is cast off during 
menstruation; a conclusion with which Lohlein (41) does not agree. 

Thus it is seen there are a great variety of views held by modern investigators of 
the process of menstruation in the human female, as to the actual phenomena which 
occur, almost as many views indeed as there are writers on the subject. 

The extreme view on the one hand that there is no change in the tissue during 
menstruation is opposed by the extreme view on the other hand that highly 
specialized decidual tissue is formed in the mucosa at that time. Again, the state¬ 
ment that not even a portion of the epithelium is lost by denudation is opposed by 
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the statement that the whole of the epithelium, together with all the underlying 
mucous membrane, is discarded during menstruation. 

' To reconcile such diametrically opposite views is impossible. It is no doubt 
possible that all these extreme cases may have occurred, though, in my opinion, that is 
doubtful; but it is quite certain that neither the one nor the other is descriptive 
of the phenomena which normally occur in menstruating uteri. The majority of 
writers appear to hold that a growth of the stroma takes place, and that it is followed 
by more or less complete denudation of the epithelium and the superficial stroma; 
that the denudation is preceded by or accompanied by bleeding from the congested 
capillaries in the superficial mucosa, either by diapedesis or by rupture of the vessels, 
or by both processes; that more or less degeneration of the tissue of that region occurs, 
and that- the denudation is due either to the extravasation of blood, or to the 
degeneration of the tissue. 

These views are, in a general way, similar to those advanced by me for S. entellus; 
the details are very variably described however, and only extended researches can 
satisfactorily determine which are correct. 

The difficulty experienced by any one investigator in obtaining a sufficient number 
of specimens of human uteri, and the rare opportunities which present themselves of 
getting healthy uteri immediately after death, have no doubt been the main causes of 
the different descriptions given, and the diversity of views held, of the changes which 
take place during menstruation ; but it is also very possible that different individuals 
experience more or less severe menstrual periods, or that the same individual 
experiences more or less severe periods at different times. 

In comparing the results arrived at by my investigations on S. entellus with the 
records of writers on menstruation in the human female, it should be remembered that 
I was fortunate enough to get an ample supply of well-preserved material and that 
the material was derived from healthy females, killed for the purpose* 

This being so I have some confidence in my belief that the various phases 
represented in my figures are not abnormal phases, though I cannot assert they 
invariably occur in the same individual, or in another individual to the same extent. 
As a matter of fact, however, I have in no case relied upon a single specimen to prove 
the existence of any one stage; I have always had three or four, and generally more, 
specimens referable to the same stage. 

3. The Period of “ Heat ” in Animals. 

A comprehensive account of the period of “heat” in animals has still to be written. 
I do not attempt here to present an adequate account of what is known of the subject, 
but some interesting work has been done recently which has no little interest to 
students of gynaecology, and requires mentioxt here. . 

, Bonnet (3 and 4) describes the formation of pigment in the uterine mucous 
membrane, of hhe Sheep from extravasated blood-corpuscles which he says are first 



OF SEMNOPITHECTTS ENTELLTJS. 451 

seen in the deeper part of the layer and are subsequently carried to the surface by 
wandering cells. 

Kassander (31) finds scattered blood-corpuscles lying in the midst of the tissue 
of the uterine mucous membrane of the Sheep in an early stage of haemorrhage ; 
he states they rarely occur in the deeper tissue but they are seen in numbers near 
the surface; he denies the existence of the wandering cells described by Bonnet, but 
agrees that the corpuscles give rise to pigment in the tissue, 

Ellenberger (10) describes congestion of the sexual organs and secretion from 
their glands during “ heat,” he states also the mucous membrane of the uterus is 
swollen and reddened, and a little bleeding takes place on the surface of the organ. 
In Buminants the bleeding occurs at the cotyledons. 

Bonnet in an article in the same work (5) confirms Ellenberger and adds, the 
bleeding may occur within the mucosa of the uterus. 

Betterer (63) again confirms Ellenberger’s statement of the modification of the 
mucous membrane, and describes other changes which take place in the mucosa of 
the Bitch during “ heat,” which are of great interest. 

The capillaries, it seems, which are rare and small when the uterus is in a quiescent 
state, become during “ heat ” much more numerous and larger; their dilatation results 
in rupture in the superficial part of what he calls the “ chorion,” in which numerous 
spots of extravasated blood are formed. Blood, he adds, is poured into the cavity of 
the uterus, but he does not believe the uterine epithelium is shed. He finds the 
epithelium is less firmly attached to the “ chorion” during “ heat,” and that it is absent 
here and there, hut he attributes its disappearance to faulty manipulation. Finally 
he describes hypertrophy of the “chorion” during “heat,” and shows that pigment is 
formed in the haemorrhage centres from masses of red blood-corpuscles. 

These observations of Betterer 5 s are very interesting and do much to prove that 
menstruation and “ heat ” are processes very closely allied, They show that the mucosa 
of the Bitch undergoes changes probably (in the absence of figures it is not possible to 
say more) very similar to those described in the present paper from Stage I, to 
Stage Y. or even VI., that is, as far as the formation of lacunae (Betterer’s “spots”), 
and probably as far as the escape of blood from the lacunas into the uterine cavity. 
The denudation stage is not represented in the Bog according to Betterer, although 
it seems to me very probable that the loss of epithelium, which he thinks due to 
faulty manipulation, may well be caused by denudation. This view is rendered all 
the more probable because the epithelium is described as less firmly attached to 
the “ chorion ” during <c heat.” 

We may say then, that a period of growth followed by a period of degeneration 
occurs in the Bog during “ heat,” probably in much the same way as they occur in 
menstruation, except that the degenerative changes are not carried so far* 
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4. Ovulation in the Human Female and other Animal#. 

On the subject of ovulation in the human female, Stginhaus (70) gives a very 
excellent resumk of the literature, and concludes that the evidence brought forward 
shows, in the first place, that ovulation in Man is a spontaneous occurrence, in so far 
as it is due to internal energy without the concurrence of provocation from the 
exterior; and in the second place that ovulation is not periodic, and does not 
necessarily occur in connection with menstruation. 

Reeves Jackson (59), who also gives a critical account of previous writers, concludes 
that ovulation and menstruation may occur independently, that ovulation is an 
irregular but constant function of the ovaries, while menstruation is a rhythmical 
function of the uterus. He considers that the maturation and rupture of the Graafian 
vesicles is not necessarily connected with menstruation, and that menstruation may 
persist after the removal of the ovaries. Aveling (l) says it seems certain that ova 
are discharged from the ovaries at irregular periods, and not once a month at or near 
the menstrual period. Lawson Tait (37) also believes that menstruation and ovula¬ 
tion are not concurrent; and a similar conclusion is come to by Raymond (58). 

Gusserow (19) and Levy (40), on the other hand, believe ovulation and menstrua¬ 
tion are coincident; Williams (81) that they are closely connected, while Leopold 
( 38 and 39), after closely investigating the material at his command, considers there 
is not sufficient evidence to determine the question with certainty. 

Lowenthal (42) holds that the condition of bleeding of the uterus induces a force 
which acts as a cause for the bursting of a ripe follicle; but he considers the menstrual 
bleeding may appear without the simultaneous bursting of a follicle. Finally, 
Sanders (64) seems to think that coitus is an excitable cause of ovulation. 

The conclusion, that the majority of recent writers are in favour of the view that 
ovulation is not necessarily coincident with menstruation, is in harmony with the result 
at which I arrived after examining the ovaries of S. entellus in connection with 
menstruation; further, my suggestion that the increased blood supply to the 
generative organs during menstruation may induce ovulation when a sufficiently 
ripe ovum is present, receives the support of Lowenthal’s observations. 

. The method adopted to determine the question of the connection between ovulation 
and menstruation is beset with much difficulty. It is desired to know the age of 
corpora lutea, and the condition of ripeness of prominent Graafian vesicles. In the 
first 'place I greatly doubt the possibility of determining accurately when a Graafian 
vesicle is perfectly ripe, and in the second place I doubt if it is possible to be assured 
of the exact age of a “false” corpus luteum. 

Leopold in, his earlier paper makes allusions to corpora lutea one to two days old, 
three weeks old, or four weeks ojd; and states with regard to the Graafian vesicle of 
a girl who died just before menstruation, that if the girl had lived the follicle would 
have hurst the next day ; and Will i a m s makes assumptions somewhat similar. 
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I would suggest that such statements can. only be made if it is already assumed 
that the process of ovulation takes place at certain known times, only then, with the 
knowledge at present at our command, can the age of a corpus luteum or the date of 
the bursting of a follicle be determined. To assume this knowledge is, however, to 
presume acquaintance with the problem it is desired to solve, and I venture to think 
that results founded on this method are not trustworthy. 

Ovulation in the lower Mammals is generally, if not universally, considered to be 
coincident with the period of “ heat/ 1 Retterer (63) says this is so in the Dog. 
He draws attention to the fact that if the ovum of a Fowl be prevented from 
entering the oviduct, albumen is still secreted by the latter, and round the albumen 
a shell is formed and it is laid. The author thinks the congestion of the uterus of the 
Dog is due to an analogous mechanism, and appears to assume that ovulation produces 
menstruation in Woman, and that “ heat” and menstruation are analogous processes. 

In the lower animals then, ovulation and " heat ” are said to be coincident, but 
whether the latter induces the former, or the former the latter, there is no evidence 
to show. 


5. Some Theories of the Cause and Function of Menstruation and “Heat” 

With regard to the cause of the hemorrhage : —Aveling (1) considers “denidation” 
is caused by a cessation of nutrition. Ktjndrat and Estgelmann (34) go farther and 
urge the view that fatty degeneration is the cause of menstrual bleeding, an opinion 
shared by Williams (78) and opposed by Wyder (83). Goodman (17) holds that 
congestion is the principal factor in, if not the sole cause of hemorrhage, and that 
congestion is produced by the contraction of involuntary muscles round the vessels. 
Overlach (53) also thinks congestion, caused by compression of veins in the muscle 
coat of the uterus, is the cause of menstrual bleeding. 

Jacobi (28) suggests that the mechanical effects of pressure caused by the growth 
of the opposite walls of the uterus against each other, described also by Leopold (38), 
is sufficient to bring about rupture. 

Although I find congestion in the superficial vessels, I have no evidence of any 
compression of the veins in the muscular coat which would cause congestion, and 
Helmets work (21) appears to be unfavourable to such a view; also I cannot agree 
with Jacobi's suggestion of the mechanical effect of pressure, there is no evidence 
whatever that any pressure is exerted in the case of S. entellus , the cavity of the 
uterus is not obliterated at any stage of menstruation, until the menstrual clot is 
formed and the period of recuperation sets in, and yet very extensive bleeding occurs 
in this animal. My own preparations show that hyperplasia of the vessels followed 
by congestion and degeneration is the immediate cause of the extravasation of blood 
and subsequent menstrual heemorrhage. 

The primary cause of menstruation remains unexplained ; the old view that ovula- 
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tion is the cause of menstruation is, in my opinion, no longer tenable. Oliver (52) 
considers menstruation has a nervous origin. 

The function of menstruation seems more capable of explanation. Aveltng (l) 
broadly states it is a primary reproductive function. Geddes and Thompson (15) 
that it is a means of getting rid of anabolic surplus in the absence of the consumption 
thereof by an embryo. 

Kundrat (Kitndrat and Engelmann (34)) more particularly deiines menstruation 
as designed to prepare the uterus for the reception of an ovum, while his fellow 
author, Engelmann (11), does not share that view. Lawson Tait (37) also 
considers that menstruation is in reality a preparation of the surface of the mucosa 
for the retention of an ovum, while at the same time be draws attention to the fact 
that pregnancy is possible without menstruation. Lowenthal (42) goes so far as 
to propound the belief that the menstrual “ decidua” is actually produced by the 
embedding therein of an uufructified ovum, and that the pregnancy decidua is built 
up if the ovum is fertilized, whereas, if it is not fertilized, the decidua falls to pieces. 
He brings forward no evidence which, in my opinion, supports the first part of his 
theory. 

Johnstone (29) considers that the design of menstruation is to change the uterine 
mucosa, a view also held by Feoktistow (13) and others. 

In strong contrast with these views is that of King (32). He considers menstrua¬ 
tion is a disease, an abnormal, unnatural, acquired habit, due to the fact that Women 
do not breed early enough. The fact that vessels rupture during menstruation, he 
argues, is proof that the process is an unnatural one, and in support of his argument 
he urges that abnormal congestion in organs gives rise to fibroid growth, and that 
fibroid growths in the uterus are common. 

The evidence which King brings in support of his theory is criticized by Studley 
(73), and shown to be capable of other interpretation, while the work of Ketterer (63) 
on the Bitch, my own researches on S. entellus, and Krieger (33), Tilt (75), Baci- 
borsbli (57), Ploss (55), von Icard (26), and many others on the human female, may 
be quoted as directly opposed thereto. 

Finally, Playeair (54) says the purpose of the loss * of blood in menstruation is 
quite unknown. 

The view that menstruation is designed to prepare the uterus for the reception of 
an ovum, seems to be the view most generally maintained; it is held by those who 
believe denudation takes place and by those who believe no denudation occurs. The 
one presumably believes it is the growth of tissue which prepares the uterus for the 
reception of the ovum,.the other that it is the changing of the tissue by denudation, 
which, is the important phase of the preparation, These views are, therefore, contra¬ 
dictory, and,- doubtless, the contradiction is due to the fact that the period of growth 
and the period of degeneration have not been clearly recognized. For my part, I 
consider there is strong reason to think that the growth of the stroma is, in fact, a 
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preparation of the uterus for the reception and retention of an ovum, and that the 
subsequent degeneration, bleeding, and denudation are due to the absence of a 
fertilized ovum in the uterus at that time. 

6. The Connection between “ Heal ” and Menstruation. 

Reeves Jackson (59) and Lawson Tait (37) deny that “ heat” and menstruation 
are homologous, while Playfair (54) considers they are probably analogous functions. 
Retterer (63), who believes in the ovulation theory of menstruation, considers “heat” 
and menstruation are analogous ; and certainly his work on the Bitch, and mine on 
S. entellus, show there is a marked similarity between the histological processes which 
occur during the period of “heat” and menstruation of these animals. This similarity 
is especially emphasized in regard to the period of growth, and I am much inclined to 
think it will be found that growth of the mucosa universally occurs in the uterus of 
animals " on heat.” I have observed in the uterus of the Mole at breeding time and 
prior to fertilization that the mucosa is swollen and tumid; the same appearance is 
also present in the uterus of the Rabbit when “on heat”; and Playfair (54) says 
the mucous membrane of the human uterus becomes thickened and vascular before the 
ovum reaches the uterus. 

The relation of <f heat ” to fertility, the accompanying desire for sexual intercourse, 
a desire which is absent in the females of the lower Mammals at all other times, and 
the coincidence of “heat” and ovulation, make it not surprising to find that this growth 
of the mucosa is recognized as one of the earliest phenomena attending the formation 
of the placenta. I have observed that this is so in the Mole (see also Strahl's figures 
(72)); Minot (47) and Masquelin and Swaen (43) find it in the Rabbit, and Heen- 
ricius (20) in the Dog. 

So that in these animals, whatever may be the cause of this growth of the mucosa 
during “ heat,” its probable function is the preparation of the uterus for the reception 
of fertilised ova, which the coincidence of ovulation and “heat” enables the uterus to 
anticipate with some certainty. 

I think it may be assumed that the majority of females “ on heat” in the wild state 
are impregnated whenever their condition renders copulation possible, and this being 
so, it is not surprising to find the Uterus anticipating the arrival of fertilised ova. In 
human beings, however, these relations no longer exist; menstruation is not coincident 
with ovulation nor does a desire for sexual intercourse prevail during menstruation ; 
further, Eroolani (12) states that the growth of tissue to form the placenta in the 
human female is quite distinct from that of other animals ; but in view of the most 
interesting researches of Hubrecht (25) on the Hedgehog this statement requires 
confirmation. 

I conclude then, that the similarity of the histological processes which occur in “heat” 
and menstruation is enough to show that they are analogous processes, and I believe 
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that the differences which exist are referable to the increased complexity of the 
phenomena attending breeding in the higher animals. 

I do not know whether Monkeys copulate during menstruation or not; that they 
have a special breeding season or seasons appears certain, but whether sexual inter¬ 
course is admitted at other times or not, is not, as far as I am aware, known. 

In connection with this subject the nervous relation between the flushed area on 
the buttocks, thighs, and tail of M. rhesus and the vagina is of interest. The joint 
researches of Langley and Sherrington (36) and Sherrington (60 and 67) show 
that the motor roots of the 1st, Ilnd, and Illrd sacral nerves supply the vagina, while 
the sensory roots of these nerves supply the flushed area described above. This area 
is always more or less flushed in M. rhesus t but is specially noticeable in the female 
during menstruation and pregnancy, when it is very highly congested, and would 
undoubtedly appear to be influenced by sexual phenomena. 

The uterus of the Rabbit, however, according to Langley’s (85) observations, 
receives motor fibres from the sympathetic chain, from about the IVth to the Vltli 
lumbar ganglia, and is not certainly affected by stimulation of the sacral nerves. 

I have mentioned these facts because the swelling which is observed round the 
external generative organs of animals during the season of “ heat,” is probably homo¬ 
logous with the enormously swollen area exhibited by certain Baboons during 
menstruation, and with some portion, at any rate, of the flushed area of M, rhesus at 
this time, and it is of interest to know that there is a nervous connection between 
these parts and the vagina. 

A further examination of the physiological relation between the vagina and the 
uterus would probably throw much light upon the origin of menstruation and <c heat.” 

In conclusion, it appears to me that sufficient stress has not been laid upon the 
diffeient periods of the menstrual process, and that a consideration of them, although 
it does not explain the origin, leads to an explanation of the function of menstruation. 

Hie period of growth of the stroma is the primary phenomena attending menstrua¬ 
tion. I cannot admit that Aveling (1) is right to separate the growth of the stroma 
from what he calls the “ denidation.” This growth of tissue is closely bound up, 
indeed is indissolubly connected, with the phenomena which subsequently appear; it 
is the primary phase of menstruation, and I am convinced it is to a determination of 
the cause or causes regulating and inciting this growth we must look for an explana¬ 
tion of the origin of the process. 

Note. 

Since finishing this paper, t have seen Marshall’s recent book on < Vertebrate 
Embryology ’ (42a), In it he divides menstruation into four stages identical with the 
four period^ into which. I have divided the process in the present paper. 

' MABSBiXi is also of opinion that the period of growth is in effect a preparation of 
the uterus for the reception of an embryo, but he goes further and seeks to show that 
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the degeneration stage is not to be regarded as an undoing of the preparation made 
during the period of growth, but as a further continuance in a modified form of the 
act of preparation, leaving the uterus in a condition in which, for further elaboration 
to occur, the presence of an embryo is necessary. 

I do not understand from this account whether Marshall believes that the uterus 
is in a condition to receive an ovum during the period of degeneration, or whether, 
after the recuperation period is over, the uterus is in a condition in which, for further 
elaboration to occur, the presence of an embryo is necessary. 

Neither of these views, however, appear to me tenable. 

With regard to the first view, a glance at my fig. 8 will, I think, show that it is 
exceedingly improbable an embryo would be retained in the uterus in the face of the 
active denuding process which is there going on; and, in regard to the second view, 
its adoption seems to me to entail the rejection of his previous assertion that the 
period of growth is in effect a preparation of the uterus for the reception of an embryo. 

It is true that Ercolani (12), Minot (47), and others have shown that degene¬ 
rative changes do occur in the mucosa during the formation of the placenta soon after 
the embryo becomes attached to the maternal tissue, but, as far as I can understand, 
the changes are due to absorption by the embryo, and are not in any way similar to 
the degeneration which precedes and accompanies denudation. 

Summary. 

The phenomena of menstruation are grouped into four periods which are sub¬ 
divided into eight stages. 

A, Period of Rest. 

Stage I. The resting stage. 

B, Period of Growth. 

Stage II. The growth of stroma. 

Stage III. The increase of vessels. 

0. Period of Degeneration. 

Stage IV. The breaking down of vessels. 

Stage V. The formation of lacunae. 

Stage VI. The rupture of lacunae. 

Stage VII. The formation of the menstrual clot. 

D. Period of Recuperation. 

Stage VIII. The recuperation stage. 

Superficial Phenomena of Men stmation. 

External .—A swelling of the labia and of the nipples takes place, and a discharge 
from the vagina, consisting of mucus, leucocytes, blood, stroma, and epithelial 
cells. 

Bn 
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• Internal. Stages I. and II.— Mucosa an opaque white colour, either smooth or 
swollen into folds, ridges, or polygonal areas by the growth of the stroma during 
Stage II. 

Stages III. and IV .—Mucosa uniformly flushed when smooth, but when folded 
the flush is concentrated on the edge of the ridges. The flushing is exaggerated 
during Stage IY. 

Stage V. —Dark red spots are seen on the mucosa—lacunas. The increased supply 
of blood affects the dorsal before it affects the ventral wall of the uterus. 

Stage VI —Free blood is found in the cavity of the uterus, and is due to the 
rupture of the lacunae. 

Stage VII.— Shows the formation of the menstrual clot, which consists of red 
blood corpuscles, leucocytes, epithelial cells, and stroma. 

Stage VIII .—The mucosa appears at first with a ragged surface, and then with a 
smooth one, the latter stage being due to the growth of the epithelium. The 
menstrua] clot is still in the uterus at the early part of this stage, at the latter 
part the mucosa has a transparent appearance. 

Histology of Menstmation, 

General '.—The body of the uterus consists of mucosa and muscle layers. 

The mucosa is formed of uterine and glandular epithelium, a primitive tissue 
consisting of a network of protoplasm in which nuclei are embedded and which I 
have called stroma, blood vessels, and a few radial muscles. 

The internal muscle layer is composed chiefly of circular bundles with fewer 
longitudinal bundles; the external muscle layer chiefly of longitudinal bundles with 
fewer circular bundles amongst them. The sheath is a thin layer of scattered 
circular and longitudinal muscle fibres, together with a few connective tissue cells, 
and is covered by a flat epithelium. 

In the cervix, the mucosa gives place gradually to a layer of denser material, the 
cylindrical epithelium of which is not cast off during menstruation. The walls of the 
Fallopian tubes carry a continuation of the uterine mucoBa as a thin layer of stroma 
surmounted by cylindrical epithelium. There is no change of structure in the tubes 
during menstruation. 

A. Period of Rest. 

Stage I ,—The uterine epithelium is a single row of cubical or columnar cells, 
containing round nuclei, the outer edge of the epithelium is sharply defined in 
section, the protoplasm of the inner edge is continuous with the protoplasm of the 
sffcroma network below. The uterine epithelium is continuous with that of t,he 
glands, the latter rest on a basement membrane but have no sheath. The stroma 
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has round, nuclei embedded in a continuous network of protoplasm, tbe processes are 
very fine and delicate. 

For one-third of the depth of the mucosa the stroma is regularly disposed, below 
that, fibrils run through it fan-wise, they are formed of processes of the stroma joined 
together. The blood vessels are small, but fairly numerous. 

B. Period of Growth. 

Stage II .—An increase in the number of stroma nuclei by amitotic division, aud 
probably fragmentation, causes swelling and increase of the density of the upper 
third of the mucosa—hyperplasia. Owing to pressure the nuclei become fusiform. In 
the deeper layer there is no change in the stroma. An enlargement of vessels in the 
deeper mucosa follows the growth of the stroma in the upper part. The swelling 
takes place in the interglandular regions. The epithelium of the uterus and glands is 
very little altered. 

Stage 111 .—The dense layer of nuclei of the last stage is rendered less dense on 
account of the swelling of the stroma and the stretching of the epithelium covering it. 
Hyperplasia of the vessels takes place below the - epithelium, giving rise to the flush 
seen on the surface. 

The swelling of the stroma causes an increase in the thickness of the mucosa and a 
widening of the glands. The hyperplasia of the vessels is a natural result of 
hyperplasia of the stroma. The size of many of the stroma nuclei is reduced. 

C. Period of Degeneration. 

Stage IV .—Simple hypertrophy of the uterine epithelium, stroma, and walls of the 
vessels now appears all over the mucosa, followed by degeneration in the superficial 
region where the dilated, congested capillaries break down, and the blood contained 
therein is extravasated. I see no signs of fatty degeneration, and am inclined to 
consider the degeneration observed to be of the amyloid or hyaline type. There is a 
decided increase in the number of leucocytes, which travel to the surface of the 
mucosa by the blood vessels, collecting there in the dilated capillaries. 

There is no sign of migration of leucocytes or diapedesis of red blood corpuscles, 
but where vessels are ruptured, leucocytes are swept out, together with red blood 
corpuscles, into the surrounding stroma tissue. The congregation of leucocytes in the 
dilated capillaries near the surface probably indicates the occurrence there of an 
Inflammatory substance. 

Stage V .—The extravasated blood collects into lacunse, which are first formed 
within the stroma, but gradually extend themselves superficially, displace the inter¬ 
vening stroma tissue, and come to lie directly below the epithelium. All superficial 
dilated capillaries now break down, but vessels in the deeper mucosa remain intact. 
There is no trace of leucocytes or red blood corpuscles in the tissue of the deeper 
mucosa. 

3 n 2 
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Certain stroma cells and free leucocytes now appear to be undergoing degeneration. 

Stage FI.—The uterine epithelium and superficial stroma now shrivel up and 
become degenerate. The lacunae increase greatly in size, and, in consequence of the 
rupture of the degenerated uterine epithelium covering them, the blood contained 
within them is poured into the uterine cavity. 

The lacunae are generally in the neighbourhood of glands, and sometimes they 
entirely surround a gland, so that when rupture takes place the whole gland is 
washed away. Large numbers of leucocytes are seen, for the most part within 
vessels, and, if the latter are ruptured, the leucocytes seem to stick to the remains of 
their walls rather than to migrate into the tissue. 

Vigorous nuclear reproduction takes place in the leucocytes, but no division of the 
leucocyte cell was seen. It is probable the increased number of leucocytes is due to 
an increased supply rather than to reproduction in situ. 

Stage VII .—Denudation now takes place, and is very complete; all the uterine 
epithelium, a portion of the glands, and in some places a whole gland, and a portion 
of the stroma layer are tom away, together with ruptured vessels, red blood cor¬ 
puscles, and leucocytes—a severe, devastating, periodic action which is very remark¬ 
able. Much of the mucosa menstrualis consists of shrivelled degenerated cells, but 
there are many normal cells amongst them. A ragged surface is left behind, and the 
remaining stroma contains masses of extravasated blood. In the deeper parts of the 
mucosa there is no further change in the tissue. 

D. Period of Recuperation. 

Stage VIII .—The recuperation consists of the re-formation of the epithelium, partly 
from the tom edges of the glands and partly by means of the transformation of 
stroma elements into flat epithelium cells. Gradually the flat cells become more 
cubical. There is no pus formed on the wounded surface. There is a cessation of the 
blood flow, probably owing to uterine contractions. New capillaries are formed super¬ 
ficially from stroma cells surrounding intercellular spaces in which blood corpusoles lie. 
Great activity is exhibited in enclosing all the extravasated blood corpusoles which 
remain in the tissue, and in returning them to the circulatory system. These 
capillaries eventually disappear. There is a recuperation of the vessels in the deeper 
mucosa; they return to their normal size and consistency. 

Further, there is a return of the stroma to its condition of rest, accompanied by a 
limited amount of multiplication of nuclei by amitotic division, and probably also 
fragmentation. A general shrinkage of the mucosa takes place, the stroma first 
retiring, the epithelium following, the cells of the latter becoming columnar in the 
process, and folds in that layer being formed which give rise to new glands. 

The leucocytes which were left with the extravasated blood in the tissue 
are returned to the circulatory system by means of the new vessels; they do 
not form new tissue in situ , nor migrate, and seem to have been induced to appear on 
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tlie scene, in such large numbers, unnecessarily; the casting away of the menstrual 
mucosa, together with all noxious material, and the clean healing of the wounded 
surface, rendering their protective presence unnecessary. 

Ovulation. —There appears to be sufficient proof that ovulation is neither the cause 
nor the necessary result of menstruation. It is possible, however, that the increased 
blood supply to the generative organs during menstruation may induce ovulation when 
a sufficiently ripe ovum is present. 

Account of Recent Literature and Conclusions. 

1. The Menstruation in Monkeys. —The only paper on the history of this subject is 
by Sutton, who describes a discharge of blood into the uterus, but denies that any 
denudation takes place in M. rhesus. I have got menstruating uteri of M. rhesus , 
however, in which denudation is shown. 

2. The Menstruation in Man. —On this subject a great variety of opinions are held. 
The majority of authors, however, hold that growth of the tissue of the mucosa takes 
place, followed by more or less denudation, and accompanied by bleeding from con¬ 
gested capillaries, either by diapedesis or rupture, or both processes; that degeneration 
occurs, and that denudation is due either to degeneration of tissue or extravasation of 
blood. These views are very similar to those advanced for S. entelltcs in this paper. 
The variety of views on human menstrual phenomena is probably due to the difficulty 
of obtaining a complete series of healthy uteri properly preserved. 

3. The Renod of “ Heat ” in Animals. — Betterer’s observations show that the 
mucosa of the Bitch during “ heat ” undergoes changes probably very similar to those 
described for S. entellus from Stages I. to VI., the denudation not being represented 
according to this author, although there is an escape of blood. Periods of growth and 
degeneration, therefore, both occur in the mucosa of the Bitch during " heat.” 

4. Ovulation in the Human Female and in other Animals. —It is found that the 
majority of writers are in favour of the view that ovulation is not necessarily coinci¬ 
dent with menstruation in the human female, a view in harmony with that expressed 
by me for S. entellus } whereas in the lower Mammals ovulation and “ heat ” appear to 
be inseparable. 

5. Some Theones of the Cause and Function of Menstruation and “ Heat.” —The 
haemorrhage during menstruation is chiefly attributed to either congestion or degenera¬ 
tion. The primary cause of menstruation remains unexplained. The function of 
menstruation is variously represented, but it is largely believed to he a preparation by 
the uterus for the reception of an ovum. I myself hold that the period of growth is 
a preparation for the reception and retention of an ovum, and that the subsequent 
degeneration is due to the fact that a fertilised ovum is not present in the uterus at 
the time. 

6. The Connection between t( Heat u and Menstruation.— The period of growth is found 
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alike in the phenomena attending “ heat ” and menstruation, and in the lower Mammals, 
at any rate, a similar growth is found in the early development of the placenta. The 
function of this growth I consider to represent the preparation of the uterus for the 
reception of an ovum, which the coincidence of “ heat ” and ovulation enables the uterus 
in these animals to anticipate with some certainty. The histological similarity of the 
mucosa during the period of “ heat ” in the Dog and menstruation in S. entellus shows 
that these processes are analogous, while the differences which exist are, in my opinion, 
referable to the increased complexity attending the process of breeding in the higher 
animals. 


Conclusion. 

In the description which has been given of the menstruation of S. entellus , attention 
has been drawn to the primitive nature of the stroma, of which the mucosa is largely 
composed. The most remarkable changes which take place in the mucosa have been 
indicated, and some idea given of the part played by the various tissues concerned. 
An endeavour has been made to establish the fact that the monthly history of the 
adult non-pregnant uterus consists of four periods, namely, A, rest; B, growth ; C, 
degeneration; and D, recuperation. The existence of these periods, although they 
cannot be quite sharply defined, are, nevertheless, very marked and real, and they 
indicate that a substantial periodic growth of the mucosa is arrested by degenerative 
changes when a fertilised ovum is not present. 
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Description op Plates. 


Reference Letters. 


a. Artery. 

b. m. Basement membrane. 

bl. ex. Extravasated blood in stroma. 
bl. fr. Free blood in uterine cavity. 
bl. r. Red blood corpuscles. 
bl. v. Blood vessels. 
cap. Capillaries. 
dor. Dorsal. 

ep.gl. Glandular epithelium. 
ep.ut. Uterine epithelium. 
gl . Gland. 


lac. Lacuna. 

leu. Leucocyte. 
me. Mucosa. 

7ml.cl. Circular muscles. 
msl.lg. Longitudinal muscles. 
msl.rd. Radial muscles. 
sh. Sheath. 

str. Stroma. 

v , Yein. 

vent. Ventral. 


The sections are cut through the body of the uterus at right angles to its antero¬ 
posterior plane, and vertical to the wall of the uterus. 

The figs. 1 to 11 are drawn with Zeiss' E. objective and-No. 4 eye-piece; fig. 12 
with Zeiss* a* objective and No. 2 eye-piece; figs. 13 to 30 and 32 to 39 with 
Afb ml immersion objective and No. 4 eye-piece; and figs. 31 and 40 
with' thebame objective and No. 2 eye-piece. 
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All the drawings were made with the aid of the camera lucida. In the coloured 

drawings the yellow colour represents blood; in most of the figures the blood 

corpuscles are not indicated individually. 

PLATE 35. 

Fig. 1. A section through the vertical wall of a uterus, Stage I. Showing a portion 
of the mucosa and a small portion of the inner muscular layer. The thin 
lines running from the deeper part of the stroma outwards are fibrils 
only present at this stage. 

Fig. 2. A section through the ventral wall of a uterus, Stage IT. Showing a portion 
of the mucosa and a small portion of the inner muscular layer. The 
nuclei of the superficial portion of the stroma are densely packed and 
fusiform in shape. 

Fig. 3. A section through the dorsal wall of a uterus, Stage III. Showing a portion 
of the mucosa only. The dense layer of the stroma nuclei is more 
restricted, the blood vessels are larger, and many lie flattened out close 
beneath the epithelium. 

Fig. 4. A section through the dorsal wall of a uterus, Stage IV. Showing a portion 
of the mucosa only. Many of the superficial vessels have broken down, 
and extravasated blood lies amidst the stroma network. 

PLATE 36. 

Fig. 5. A section through the dorsal wall of a uterus, Stage V. Showing a portion 
of the mucosa only. A lacuna in the midst of the stroma is seen, with 
extravasated blood around, in the network of the stroma. The nuclei of 
the stroma superficial to the dense layer, are again more rounded. 

Fig. 6. A section through the dorsal wall of a uterus, Stage V. Showing a portion 
of the mucosa only. The vessels are more numerous, and larger and 
more congested. Much extravasated blood is in the stroma, and lacunae 
are shown below the epithelium. 

Fig. 7. A section through the lateral part of the ventral wall of a uterus, Stage VI. 

Showing a piece of the mucosa, and subjacent muscle layer. Large 
lacunae are shown, which include nearly all the extravasated blood. Some 
free blood is seen in the cavity of the uterus, which has escaped through 
ruptures in the epithelial wall of the lacunae. 

PLATE 37. 

Fig. 8. A section through the dorsal wall of a uterus, Stage VII. The lower part 
of the section shows a small part of one of the lateral walls of the uterus. 
A portion only of the mucosa is shown. Denudation is here* represented, 
B o 2 
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and the severity of the process is shown. A few pieces of the uterine 
epithelium, ep.ut 1} remain in situ , the rest is cast off. The glands are 
much distorted ; the cavity of the uterus is filled with debris, which will 
form the menstrual clot. Extravasated blood still remains in the stroma, 
but most of it is now free in the uterine cavity. The vessels in the deeper 
mucosa remain intact, there is no extravasated blood in that region. 

PLATE 38. 

Fig. 9. A section through the dorsal wall of a uterus, Stage VIII. Showing a portion 
of the mucosa only. Becuperation of the epithelium is in progress; it 
is much flattened, ep.ut. Pieces of the mucosa, x, are still being cast 
off; but the denuding process is almost over. The menstrual clot was 
still in this uterus. Extravasated blood is present in the stroma tissue. 

Fig. 10. A section through the dorsal wall of a uterus, Stage VIII. Showing a 
portion of the mucosa only. The epithelium is now re-formed, but is not 
yet cubical. The stroma layer is shrinking, but remains attached to the 
epithelium by long protoplasmic processes. Extravasated blood is still 
present in the stroma, but numerous capillaries are being formed. 

Fig. 11. A section through the dorsal wall of a uterus, Stage VIII. Showing a 
portion of the mucosa layer and subjacent muscles. The epithelium has 
followed the stroma, and is now closely attached to the latter; its cells 
are cubical and columnar, and it is folded in many places to form new 
glands. The vessels are more numerous, and larger than in fig. 1, but 
otherwise this uterus is very like a specimen of Stage I, There is now no 
extravasated blood present in the stroma. 

PLATE 39. 

Fig. 12. A section through the body of a uterus towards the close of Stage VIII. 

Showing the epithelium, glands, and stroma of the mucosa, the muscle 
layers and sheath, and the blood vessels in the external muscle layer. The 
vessels are not shown in the internal muscle layer, nor in the mucosa, for 
the sake of clearness. 

Fig, 18. A piece of glandular epithelium from the same uterus drawn in fig. 1, 
Stage I. The basement membrane and ragged processes on the surface of 
the cells (cilia?) are shown. 

Fig, 14, A piece of uterine epithelium and stroma from the same uterus, Stage I, The 
delicate protoplasmic processes of the stroma are shown in connection with 
the epithelial cells, The nuclei are round or oval, and have a nuclear 
network. 
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Pig. 15. A piece of the densely packed stroma seen in fig. 2, Stage II. The elongated 
nuclei are shown, many of which are undergoing amitotic division, d. 
Three stages of division are shown by d % . 

Fig. 16. Cells from the same uterus, Stage II. 

a. Part of a capillary containing a leucocyte (leu.) and blood corpuscles. 

b. Part of a capillary showing the nuclei of the cells forming its wall, 

K & 3 . 

b l is at right angles to the fiat plane of the cell. 
b 2 is more oblique, and 5 S is a surface view of the nucleus of a cell 
forming the lower wall of the capillary, which the section cuts at the 
end of a curve. 

e. Series of elongated nuclei of the stroma, showing amitotic division. 
c 2 , 3 , 4 , c different stages of division. 

d. Series of nuclei undergoing fragmentation. d l is a typical nucleus. 

3 , 4 show the fragmentation process. 
h. Series of small nuclei undergoing division. 

f v Is probably a similar cell to those of the c series, but shows fragmen¬ 
tation. 

The c series, h series, and / x are commonly seen ; d 2> 3 , i rarely seen. 

Fig. 17. Nuclei of the stroma, from the same uterus drawn in fig. 4, Stage IV- 
Showing amitotic division. They are commonly seen in the dense area of 
the stroma. 

Fig. 18. Piece of glandular epithelium and stroma from deep down in the mucosa; 

from the same uterus as fig. 17 is taken, Stage IY. There is a basement 
membrane but no sheath. The stroma nuclei are elongated in the region 
of the gland. They are not dividing. 

Fig. 19. A piece of lining epithelium from the same uterus as fig. 18 is taken, 
Stage IY. The nuclear network is barely visible in some, and not at all 
in other nuclei. One large nucleolus is present at the base of each cell in 
place of the nuclear network and chromatin granules seen in fig. 14. The 
protoplasm of the cells is still continuous with the stroma network. 

Fig, 20, A piece of the stroma from near the surface of the same uterus as fig. 7 is 
taken, Stage YI. Some nuclei, st lt remain like those in fig, 14, but many, 
st 2 , show degeneration changes; they are shrivelled and stain darkly. The 
protoplasm of these latter cells is much reduced in amount, st%. 

Fig. 21. A piece of uterine epithelium from the surface of a lacuna, Stage YL, 
together with shrivelled stroma elements and blood corpuscles. The nuclei 
of the epithelium are also shrivelled and degenerating. 
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PLATE 40. 

Fig. 22. An artery and vein from just below the dense area of the stroma, Stage III. 

Showing the multiplication of the cells forming the walls thereof, a and v v 

Fig. 23. Part of the wall of a capillary from near the surface of the mucosa, Stage IY. 

Showing hypertrophy of the nuclei. This shows the condition of the cells 
prior to rupture of the vessel. 

Fig. 24. A ruptured capillary and stroma, from near the surface of the mucosa, 
Stage IY. Hypertrophy of the nuclei and protoplasm of the stroma and 
vessel wall is shown, and the wall of the vessel has broken down, allowing 
the blood corpuscles to be extravasated in the meshes of the stroma. A 
leucocyte remains attached to the remnant of the ruptured vessel. The 
protoplasm of the cells is less sharply defined than it is in fig. 22. 

Fig. 25. An artery and vein with stroma from the deeper part of the mucosa of the 
same uterus as fig. 24, Stage IY. The vessels are not ruptured, but the 
nuclei and protoplasm of the stroma and of the walls of the vessels 
are hypertrophied, and strands of protoplasm are stretched across the 
lumen of the vessels. A leucocyte is shown in the vein (leu,)* The 
other cell in the vein belongs to the wall of the vessel which has been cut 
in section owing to the irregular bulging of the wall. The walls of the 
vessels are not so solid and compact as they are in fig. 22. 

Fig. 26. A piece of the superficial stroma at Stage YI1I. Showing newly formed 
capillaries. The nuclei and protoplasm of the cells are now no longer 
hypertrophied. 

Fig, 27, A and b. An artery and vein from the deeper part of the mucosa, Stage YIII. 

Showing the recovery of hypertrophied vessels. The nuclei and proto¬ 
plasm still show signs of the swelling seen in fig. 25, but not nearly to the 
same extent. 

Fig. 28. A piece of the upper part of the mucosa from the same uterus as fig. 11, 
Stage YIII. Showing the newly-formed cubical epithelium; the nuclei 
of the stroma are now almost the same as in fig. 14, but still somewhat 
irregular in shape, and a definitely formed capillary is present. 

Fig. 29, Stroma cells from the same uterus as fig. 9, Stage YIII. Showing, a, hyper¬ 
trophied nucleus; l),b. } irregular nuclei, probably dividing; c 1} c 2 , regular 
nuclei dividing; d lt fragmentation of the nucleus. 

Fig. 30. IMbris from the -cavity of the same uterus as fig r 8, Stage YIT. Uterine 
and- glandular epithelium, stroma nuclei, leucocytes, and red blood cor¬ 
puscles ; nearly all in degenerate condition, 
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PLATE 41. 

Figs. 31 to 36 are taken from various uteri during Stage YIII., to illustrate the 
re-formation of the epithelium. The nuclei marked d are undergoing 
division. 

Fig. 31. A section through a piece of growing epithelium connected with a gland at 
the lower end of the figure, ep.ut. The close connection between the 
stroma and the growing epithelium at the upper end of the section is 
shown, the two being in fact continuous there. 

Fig. 32. A section through the growing point of epithelium, showing the amitotic 
division of the terminal cell. 

Fig. 33. A section showing the flattened epithelium seen in fig. 9, and the scattered 
stroma nuclei with long protoplasmic processes, below. Blood corpuscles 
in great number are enclosed within the stroma network—extravasated 
blood, a: is a stroma cell; y, a cell of the epithelial layer derived from 
the stroma; z, an epithelial cell. 

Figs. 34 and 35. Sections of a slightly later stage, in which the flattened cells of the 
epithelium are becoming columnar. The nuclei are still of irregular shape 
and size. 

Fig. 36. A section through the epithelium and superficial Btroma, from the same 
uterus as fig. 10. Showing the more regular epithelium and the scattered 
nuclei and long processes of the underlying stroma. The nuclei of these 
layers are still irregular, but are more nearly approached to those seen 
in fig. 14 than heretofore. Minute capillaries are seen, ccvp., and a few 
isolated blood corpuscles. 

Figs. 37 to 40 are drawings of leucocytes. 

Fig. 37 shows a leucocyte with stellate processes, adhering to the remains of an 
hypertrophied and broken down capillary, Stage IY. 

Fig. 38. A colony of leucocytes within a vessel, Stage YT. The nuclei are in various 
stages of division. A sharp outline is invariably present round the cell; 
d indicates a cell whose single nucleus is dividing into two. 

Figs. 39a and 39b are drawings of leucocytes which were situated within vessels at 
Stage YIII. Showing the various shaped nuclei seen, and leucocytes with 
,one, two, three, and four nuclei within them; 39b shows a leucocyte 
whose single nucleus is dividing into four simultaneously—fragmentation. 
The chromatin within this nucleus is confined to the boundary-wall of 
the nucleus. 

Fig. 40. Outline of a vessel, Stage YIII. Showing the very large proportion of 
leucocytes to red blood corpuscles, viz., 47*115 per cent, of leucocytes. 
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[Plates 42-52.] 

INTRODUCTION. 

The observations of* Hofmeister stand, in their broad outlines, as tlie foundation of 
the morphology of archegoniate plants. It will be assumed that readers will accept in 
the main the homologies which, on the basis of those observations, he recognized 
between the corresponding parts of the Bryophyta, Vascular Cryptogams, and Gymno- 
sperms; it will also be assumed that, whatever may have been the circumstances 
which led to it, antithetic alternation was brought about by elaboration of the zygote 
so as to form a new generation (the sporophyte) interpolated between successive 
gametophytes, and that the neutral generation is’ not in any sense the result of 
modification or metamorphosis of the sexual, but a new product having a distinct 
phylogenetic history of its own. Those who accept this view will keep distinct in 
their minds the sexual generation or gametophyte on the one hand, and the neutral 
generation or sporophyte on the other, whatever their variations, either in relative 
size or in physiological dependence; and they will* recognize that no homologies are 
to be admitted between them or their parts. Clear conceptions on these points are 
absolutely essential,'if there is to be real progress in comparative morphology; though 
the study of either generation may shed side-lights upon the problems relating to the 
other, the two alternating generations must be treated apart, so long as the main 
conclusions of Hofmeister continue to be accepted. 

The assumption above made as to the origin of antithetic alternation is based upon 
a general comparison of living plants, which leads to the conclusion that, of the two 
alternating generations, the sexual generation (the oophyte or gametophyte) was the 
original one; that subsequently a neutral (the sporophyte) was produced as a stage 
gradually interpolated between .the successive sexual generations; and that this new 
growth was produced, not by mere modification of the oophyte, or of a part of it, but by 
amplification of the product of sexuality—the zygote; by its sub-division into numerous 
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cells the effect of a single sexual process is distributed over the parts produced, 
these parts, when isolated, may be styled the spores, or, to distinguish them from 
other unicellular organs of propagation, they are designated by the special term 
“ carpospores” Further comparison of living forms leads to the conclusion that there 
followed upon the increasing size of the sporophyte a progressive sterilization of its 
tissues, so that only a part of those tissues continued to be sporogenous; this may be 
most readily illustrated by reference to the Bryophyta (see below, p. 485, &c.), a series of 
plants in which progressive sterilization of the tissues of the sporophyte appears to 
have been closely connected with its increasing size and structural complexity. The 
series is, however, characterized by the simple external form of the sporophyte, and 
by the further fact that the sporogenous tissue of each individual sporophyte is 
normally a continuous mass ; accordingly, the recognition of the progressive steriliza¬ 
tion is in them comparatively easy. 

Progressive sterilization seems also to have played an important part in the evolu¬ 
tion of the Yascular Cryptogams; in these, as we see them at the present day, 
the proportion of sporogenous tissue to vegetative tissue is comparatively small; the 
sporogenous cells are commonly separated into small masses, or are distributed singly; 
in fact, the sterilization appears to have progressed much further in the Yascular 
Cryptogams than in the Bryophyta ; the external form, also, is much more complex, 
owing to the presence of appendicular organs. But though it may be more difficult 
to trace the steps of sterilization in the living Yascular Cryptogams, owing to the 
process having been more completely carried out, the experience gained from study of 
the Algse and Bryophyta should direct the line of observation into this channel, and 
occasion to note its effects will frequently arise in subsequent pages. 

The adoption of the foliar habit as seen in the sporophyte of Yascular Cryptogams, 
together with the elaboration of a subterranean system for absorption, brought with 
it very great advantages; the physiological independence of the sporophyte was 
thereby secured, and it accordingly assumed a more permanent character and longer 
life. Considering the greatness of the advantage thus gained, and the remote period 
of the past at which the step must have been taken in any one of the several series 
of vascular plants, it is intelligible enough that connecting links, showing how the 
appendicular organs were first acquired, and how the transition from a continuous 
archesporium to one consisting of isolated cells or cell-groups took place, should be 
few and uncertain among the plants of the present day. It has been remarked that 
the gap between the Bryophyta and the Yascular Cryptogams is the widest in the 
whole vegetable kingdom. On the one hand are plants with a dependent sporophyte 
of simple external form, with a continuous sporogenous mass, and having the sporo¬ 
genous tissue La large proportion as compared with the sterile tissue; on the other, 
plants With the sporophyte physiologically independent, with complex external form, 
and sporogenous tissues in isolated masses, or appearing as isolated cells, and with 
the sterile tissue exceeding it greatly. To bridge over the gap between plants with 
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characters thus widely divergent is the most clearly outstanding problem of 
morphology. Hitherto, fossils have helped but little in this direction: it therefore 
appears that investigators must depend mainly upon comparison of living forms. 
It is no6 to be expected that even the most diligent study and comparison of these 
can do more than give suggestions as to the solution of the problem; but if the view 
above propounded be steadily maintained, and the more complex sporophyte be 
regarded as a derivative by partial sterilization, and vegetative amplification of simpler 
original forms, the gulf would appear a less serious one than it is at present commonly 
believed to be. 

Th'e most important additions to knowledge of the Vascular Cryptogams in recent 
years have related to the oophyte and sexual organs, and to the development of tbe 
embryo. While the importance of these is duly appreciated, I may remark that I 
have not complete confidence in phylogenetic conclusions based upon the vegetative 
characters of the gametophyte; that generation is certainly very plastic in its form, 
as witness the various types of prothallus in the genus Lycopodium , where the 
mature sporophyte remains much more constant in character. The question of the 
relative value of the characters of the two generations for purposes of comparison, 
in those plants which show conspicuous alternation will be discussed more fully 
towards the close of this memoir ; in the meanwhile it may be stated that while due 
prominence will bo accorded to the sexual generation, the characters of the neutral 
generation will here chiefly engage our attention, for it is believed that a widely 
extended study of the morphology of spore-production is specially needed at the 
present juncture; not-only should a re-examination be made of sporangia already 
investigated by others, but also observations on such rare forms as have not hitherto 
been fully studied from the point of view of development. 

The chief reasons for attaching special weight to the comparative and develop¬ 
mental study of spore-producing organs are as follows. Spore-production was* 
undoubtedly the first office of the sporophyte, and to it practically the whole of the 
sporogonium was originally devoted ; the sporogonium of the simpler Liverworts 
illustrates what was probably the primitive condition before the vegetative system of 
the sporophyte appeared. Spore-production is still, even in the most complex of the 
higher forms, the end to which the whole vegetative system tends. In the life-cycle 
of the vascular plants and Bryophyta of the present day the production of spores is a 
regularly recurring event,* and there is every reason to believe that it was regularly 
repeated throughout the course of their evolution. The spore-producing members, 
whatever their form, may therefore be styled primary as regards the history of 
descent, and the sporogenous cells which they contain are to be viewed as, at least, 

* Exception must bo made in tbe case of those few plants which show the phenomenon of apospory, 
or in whioh propagation is conducted in a .vegetative manner only; both of these conditions have 
probably been acquired at a comparatively late period. 
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the functional, and presumably also the morphological representatives, which survive 
from the original connected sporogenous mass. # 

But the case is different with the vegetative organs of the sporophyte, such as axis, 
leaf, and root; on comparative grounds it may be concluded that these owed their 
origin to that progressive sterilization and amplification above alluded to; that a 
vegetative period, often of considerable length, has thus been intercalated between 
the fertilization of the ovum and the production of the spores, and thereby the date 
of production of the spores deferred. However great may he the sizo of the vegetative 
organs, the complexity of their form and internal structure, and however long the time 
of their duration, they should still be placed in a subordinate position, and may he 
styled secondary members as regards the history of descent. Priority of morpho¬ 
logical importance for comparative purposes is habitually conceded' to those parts 
which are of earliest date and of most constant occurrence; accordingly the priority 
must here he given, not to the vegetative parts of vascular plants, though these 
appear first in the development of the individual, but to the spore-producing members, 
the sporogenous cells of which are believed to represent that tissue which formed 
originally the whole constituent mass of the sporophyte. 

Having thus stated broadly the point of view which will be maintained throughout 
this memoir, it will he well to look back upon earlier opinions as to the morphological 
“dignity” of the sporangium. The earlier expressions of opinion on tlio nature of 
sporangia related to the pollen-sacs and ovules of the higher plants, these being very 
readily observed. It has been the misfortune of the morphological branch of our 
science that it was hampered by the early possession of a fairly accurate knowledge of 
the higher forms and recognition of their parts ; as the result, a definite terminology, 
as well as a certain attitude of mind regarding them, became fixed at a date prior to 
the investigation of the lower forms; every one now would admit that the mor¬ 
phology of the higher plants is to be read in the light of a knowledge of the lower 
types, and yet morphologists commonly retain such views as would never have gained 
acceptance, if the course of investigation had been inverted, and the history of the 
progress of the science had led from the examination of the lower forms to that of the 
higher. On the most fundamental ideas of the relation of the sporangium to the 
vegetative organs, the views commonly held are incompatible with the probable 
history of descent; such views are to be looked upon as a legacy left behind by those 
so placed in the history of the science that their progress in morphological study was 
downwards along the branches of the developmental tree, instead of upwards. 

. The first expression of opinion on the morphological nature of sporangia appears to 
have been that of Wolff, and naturally relates to the higher plants. He states his 

* The question as to the sporogenous cells of modem sporangia being the lineal descendants, or, in 
other words, the morphologioal representatives of the sporogenous cells of a. simple undifferentiated 
sporophyte will he discussed below, in the light of facts to be described later; at present, the view that 
. in most oases they are so, may be taken as a working hypothesis strongly supported on general grounds. 
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view that “ even the seeds, notwithstanding that at first sight they have not the 
slightest resemblance to leaves, are still in fact simply coalescent leaves,”* and again 
he concludes “ that the stamens also are in their nature simply leaves. In one word, 
in the whole plant, whose parts at first sight appear so excessively diverse, we see, 
on mature consideration, nothing more than leaves and stem, since the root belongs 
to the latter.”! From these quotations it appears that Wolff, though thoroughly 
acquainted with the parts of the flower, did not distinguish sporangia as a separate 
category, but as modifications of leaves or parts of leaves. 

The same was essentially Goethe’s view, arrived at by a distinct course of 
reasoning. Goethe^ (1790) at the outset drew attention to the fact that certain 
exterior parts of plants sometimes “ change and pass into the form of adjacent parts 
cither wholly or in greater or less degree.” Of this change or “ metamorphosis ” he 
distinguishes three kinds, regular, irregular, and occasional; ■ the third, since it 
includes only monstrous developments, may be at once dismissed. Under regular 
or 'progressive metamorphosis Goethe included the changes involved in the develop¬ 
ment of the individual; the series, cotyledons, foliage leaves, bracts, and floral 
organs in an annual plant serve as an illustration. As irregular or retrogressive 
metamorphosis he designated such cases as the petaloid development of stamens, 
where parts which stand higher in the progressive series take, as they develop, the 
characters of a lower grade. In the recapitulation paragraphs, 115, 119, Goethe 
sums up that, whether forming shoots, flowers, or fruits, it is still but the same 
organs which, under different names and various forms, answer the demands of 
nature ; all are referable to one, viz., the leaf. 

It is plain, from the expressions used by Wolff and Goethe, that the idea of the 
sporangium as an independent member was not yet suggested; the pollen-sac is 
regarded by Goethe as the result of contraction of the margin of the staminal leaf 
(§47, p. 33) ; in writing of the ovules, he compares them with buds, and finally 
concludes (§93) that “the seeds, which differ from buds by being enclosed, and from 
gemmae by the visible cause of their formation and separation, are still nearly 
related to both.” Thus, notwithstanding that there was as yet no definite con¬ 
ception of the sporangium as an independent member, the theory of metamorphosis is 
intimately connected with the early views as to the nature of the sporangium ; it is 
to be remembered that the early writers on this subject, and especially Goethe, had 
as yet no clear ideas as to descent, hut had rather a bias towards a belief in the 
fixity of species; their conclusions are drawn from the study of the individual, not 
from a comparative study of plants at large; nor can we wonder that this should 
have been so at a time when the lower forms were hardly studied at all. As we 

# Wo jot, “ De Eormatioue Imtesttnoram‘Novi Comment. Acad. Petropol,’ Tom. 12, 1766-1767, 
p. 405, 

t Log. cit , p. 406. 

$ Goethe’s ‘ Werke.’ Spesiann, Berlin, yob 33, p, 19, <fco, 
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proceed it will be shown how this morphology, based on ontogeny, has left permanent 
and erroneous traces, which the modern views of phylogeny have not yet obliterated; 
and that in certain most essential points the two methods are at variance—in which 
case, views based on sound comparison must take precedence over conclusions drawn 
from the mere study of the individual. 

During the fifty years which followed the publication of Goethe’s essay, little was 
done to advance comparative morphology; the area of facts relating to the Phanerogams 
was extended, but in the light of our present knowledge it is plain that these could 
not be properly understood except upon a basis of comparison with the archegoniate 
plants. This is amply illustrated in the text-books of the period; in the concluding 
pages of the first volume of his f Organographie Vdgdtale,’ Atjg.-Pyr. de Candolle 
(1827) re-asserts Goethe’s conclusions, though with a wealth of fresh illustration; 
the sporangium is still an unrecognised part, and the members of the whole plant, 
including the parts of the fiower, are referred to the three categories of Boot, Stem, 
and Leaf. While earlier writers hardly attempt a comparison with Cryptogams, 
Treyirantjs did so ( c Physiologic der Gewachse’ (1838), vol. 2, p. 461, &c.), but in 
the absence of knowledge of the life-cycle in such plants, the result was not satis¬ 
factory. A more successful comparison was however made by yon Mohl in a 
Dissertation published in 1837 ;* his main conclusion was that in all the Vascular 
Cryptogams examined, the structure of the sporangium shows an undeniable similarity 
to the theca of an anther. But as a basis for clearer views two things were necessary, 
a knowledge of the life-cycle of the higher Cryptogams, and of the development of 
the flower, and of its parts in the Phanerogams. 

The latter of these subjects, though earlier investigated by Wolff, was taken up 
with vigour by Schleiden, and his results were embodied in his c Grundzuge der 
Wissenschaftlichen Botanik ’ (1845), a book which had a profound effect upon the 
progress of morphology. We there find (p. 282) the comparison between the stamens 
of Phanerogams, and the sporophylls of Vascular Cryptogams broadly stated; the 
pollen-sacs and sporangia, and the pollen-grains and spores are also regarded as 
homologous ; the view is maintained that the stamen is of foliar nature, but instead 
of assuming a progessive metamorphosis, and stating, as previous writers had done, 
that the stamen is an altered foliage leaf, Sohleideist, resting upon the sure basis of 
development, did not go further than to admit that the stamen is of modified foliar 
nature (p, 284, &a). In the absence of a theory of descent, this is, doubtless, the 
furthest he could safely go, and it will be seen that he there approaches nearer to 
the views to be put forward in this paper, than most of the writers who followed him. 

While thus drawing comparisons between the sporangia of the Vascular Crypto¬ 
gams and the pollen-sacs, and recognizing the stamen as of foliar nature, the writers 
previous to 1850 seem to have been content to place the ovule in a separate 


‘ Veraischte Schriften,” 1837, p. 94. 
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category; from Goethe’s time onwards it had been regarded by most botanists as 
the equivalent of a bud, but this is not surprising when we consider the peculiar 
form and structure of the ovule, which differs so widely from typical sporangia. It 
was only through the study of the life-cycle of the Vascular Cryptogams and Gymno- 
sperms, and comparison of the latter with the heterosporous forniB of the former, that 
the true nature of the ovule could be approached. This work was accomplished by 
Hofmeister in his * Vergleichen'de Untersuchungen,’ 1851, and those results of his 
labours, which at present chiefly interest us, were the establishment of clear views on 
alternation of generations, and the recognition of the homology of the ovule of 
Phanerogams with the megasporangium of the heterosporous Pteridophyta. Prom 
this time the ovule had to be viewed as bearing the same relation to the pollen-sac as 
the megasporangium to the microsporangium. Shortly after the publication of 
Hofmeister’s discoveries, the 'Origin of Species’ appeared (1859), hut it seems at 
first to have affected the discussions on morphology only to a slight degree. The 
acceptance of a theory of descent, together with an adequate knowledge of alternation, 
should havo led quickly to the establishment of the sporangia as forming a distinct 
category of members; but this result was long deferred, and for fully twenty years 
the questions discussed related as before to the "morphological dignity” of the 
pollen-sac, and of the ovule; little difficulty was felt by certain authors in assigning 
the pollen-sacs to a different morphological category from the ovules ; many even held 
that the ovule might have a different morphological character in different cases. 
Sachs ( c Lobrbuch,’ 4th ed., p. 482), after describing the various positions of the 
ovules, writes : "If we apply general morphological definitions to these relations we 
should in the first of the above cases have ovules of an axile nature, they would be 
mere metamorphosed caulomes; where they arise below the apex of the floral axis, 
they .would be regarded as metamorphosed leaves ; where they arise laterally out of 
the margins of the carpels they would be viewed as metamorphosed pinn®; for those 
which spring from the surface of the carpels there is no clear analogy with purely 
vegetative structure, but we may here remember the sporangia of the Lycopodiacea); 
further, it even seems possible to regard many ovules, e,g t , those of the Orchideee, as 
metamorphosed trichomes, as in the case of the sporangia of Ferns and Ehizocarps.” 
Some also held a similar view for the pollen-sac, asserting that while most stamens 
represent whole leaves, others are the result of metamorphosis of the axis itself (see 
Eiohlee, ‘ Bliithen diagrammed p. 47). It will be unnecessary here to follow out 
the controversies on these matters into their details; the position arrived at by those 
who admitted these divers morphological characters was, doubtless, due partly to the 
influence of Goethe, and of his theory of metamorphosis, partly to the effect of 
Schleiden’s insistence on the importance of the study of development of the 
individual in the solution of questions in morphology. Thus, the sporangium, 
whether it were that of a Yascular Cryptogam, or the pollen-sac or the ovule of a 
Phanerogam, was still considered as being borne by, or the morphological equivalent 
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of, some vegetative organ, according as it was found to be comparable to one or 
another of these, as regards its position, and mode of origin.* 

This method of morphology takes into account the individual development; it 
rests on observations of ontogeny, but leaves out of account the opinions as to 
descent. It was not likely that such a method should long stand unassailed after 
evolution had come to be accepted. Though Alex. Braun had already ascribed to 
the ovule the uniform character of a bud, it was Strasburger who appears first to 
have approached the question of variable morphological value of stamens and ovules 
from a general point of view.t He lays down at once the principle that “it is the 
highest problem of morphology to explain the form of plants, but this problem can 
only be solved genealogically.” Having thus made descent the foundation for his 
morphology, he pointed to the general uniformity of construction of ovules, and 
expressed the opinion that from the phylogenetic aspect it is not to be imagined that 
such organs could have been formed at different times, and in different ways. • He 
held that they were formed once only, among Phanerogamic plants, and have but 
one morphological character, viz., that of a bud, of which the nucellus is the axis and 
the integuments leaves. This opinion was shared by Eiohler,J who also on the 
grounds of descent, believed that such a structure as the ovule must have throughout 
the same morphological character ; he too regarded it as a bud, assenting thereby to 
the position originally taken up by Goethe, It was, however, a decided advance to 
have introduced the idea of descent into the argument, and to have dismissed the 
views of variable morphological character of the sporangia; but Strasburger did 
not follow his views out to their logical conclusion; the ovule, which is a mega¬ 
sporangium, is recognized by him as a bud; it corresponds to the megasporangium of 
heterosporous Yascular Cryptogams; are they also metamorphosed buds? The 
megasporangium and microsporangium of such forms are believed to have originated 
by differentiation of a uniform type of sporangium, are then all sporangia buds ? 
Even the pollen-sac is a sporangium; is then a pollen-sac a bud ? In order to be 
consistent this should be the interpretation of it by those believers in descent who 
also hold that the ovule is a bud. Evidently Strasburger when writing his great 
work on the Conifers and Gnetacese was still imbued with the old idea of meta¬ 
morphosis ; he still spoke of the three fundamental structures (p. 441 ), and obviously 
looked upon the sporangia of the higher plants as the result of metamorphosis of 

* Sachs, in Lis 1 Lehrbuch,’ 4th ed., which may be taken as fairly representing the spirit of the time 
of its publication (1874), makes the general statement (p. 153) that “every organ is either a stem 
(axis), or leaf, or root, or hair.” But it is especially remarked later (p. 155) by way of limitation, that 
(< the statement^” e.g,, that “the sporangia of Ferns are trichomes, only means that they arise, like all 
hairs, from epidermal cells; hairs and Fern sporangia are in this respect morphologically equivalent.” 
Morphological equivalence is, in this sense, simply equivalence of development in, the individual j origin, 
ishot taken into account in determining it. 
v ;s4A$canforen nnd ^netaceen,’ p. 396, &c. 
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parts typically vegetative. It remained for G-oebel to take the next step towards 
placing the morphology of the sporangium on a sound basis: rejecting the view which 
had been held all along, from the times of Wolff and Goethe, that in one form or 
another, the sporangium is the result of metamorphosis of some part of the vegetative 
system, he plainly stated that the sporangium is not referable in its origin to any 
other category of members. “As a shoot remains a shoot, and does not lose its 
morphological value (dignity) whether it arise as a lateral shoot on the growing 
point of a stem, or from the embryonic tissue of a foliage leaf (as in many Perns), or 
is adventitious on a root, &c., so also a sporangium remains a sporangium and 
nothing else, whatever its position; sporangia are just as much organs sui generis as 
are shoots, roots, &c.”* 

The above conclusion opened a new page in the history of the morphology of the 
sporophyte ; a position was thus attained which, for the first time, became intelligible 
from the point of view of descent. Spore-production having been, as we must 
believe, a constantly recurring event during the whole course of evolution, and having 
preceded the vegetative development of the sporophyte, it was not possible to under¬ 
stand how the organs in which spore-production took place, could be merely the 
result of metamorphosis of those vegetative parts which, on grounds of phylogeny, 
there is every reason to believe were of later origin. By rejecting the old opinions, 
and recognizing the sporangium as an independent member, the way was at last 
cleared for a morphology based upon, or at least in harmony with, the conclusions as 
to descent, not upon the mere study of the development of the individual. 

The question as to the relative importance of observations of the ontogeny, and 
conclusions as to phylogeny, is one of the most critical in all morphology, for on it 
depends the whole basis of the system : provided the conclusions as to phylogeny be 
sound, they should, in my opinion, have the precedence. But in practice it has been 
customary to hold the reverse, and to take the development of the individual 
as the basis of morphological treatment, while such views on descent as are based on 
comparison are often left practically out of account, or given only a secondary place. 
It will be useful to.dwell upon this point so that readers may enter upon the subse¬ 
quent discussion with an open mind. 

From the time of Goethe, observations of the development of the individual have 
had a strong influence upon morphological speculation. His introduction of the terms 
progressive and retrogressive metamorphosis, though they had at the time no clear 
meaning as to descent, doubtless gave a bias in a certain direction. Sohleiden's insist¬ 
ence on the importance of developmental data turned the current of observation into 
that direction. When evolution came to he recognized, and the embryology of animals 
was found to justify for them the acceptance of the recapitulation theory, Goethe’s views 
were read in a new light, and the successive phases of the individual life of the plant 
also naturally appeared to illustrate, in a measure, the history of its descent; accordingly, 
* ‘Bot, Zeit.,’ 1881, p. 701. 
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speaking at present only of the sporophyte of the higher plants, the cotyledons might 
he viewed as the earliest type of leaf, the foliage leaves the next, and finally, the floral 
leaves and sporophylls. Any case of mere vegetative development of a sporophyll 
would be described, almost in the words of Goethe, as a sample of retrogressive 
metamorphosis, or in the language of descent, as a reversion. 

A different position was taken up by the adherents of what has been termed the 
ee differentiation theory ” for them the various forms of leaf are the result of 
differentiation of an original type: it was found that in their earliest developmental 
stages all leaves are virtually alike; here, it was maintained, might be recognized the 
fundamental form which underlies all the various lateral organs, while the develop¬ 
ment of these organs themselves was accepted as in fact a real metamorphosis, a 
differentiation to subserve various functions. The actual metamorphosis of one 
specialized organ into another was however denied; thus to the adherents of this 
theory stamens are by no means metamorphosed foliage leaves. Goebel, however, 
rightly points out “ that such a metamorphosis of one form of leaf to another may 
occur,” and cites his own experiments, by which leaves, normally developing into 
scale-leaves, were transformed in the course of their individual growth into foliage 
leaves.! He further cites those interesting cases ol the appearance of sporangia on 
leaves of Botryehium, which are normally green expanded foliage leaves, noting 
that, where the sporangia occur, the vegetative development is reduced: similar 
observations on Osmunda and Blechnum are also quoted, and from these the conclu¬ 
sion was drawn that “ the sporophylls are metamorphosed foliage leaves ” j and still 
more explicitly it is stated for plants at large ( loc . tit., p. 118), “ that the plant forms 
in the first instance leaves of only one type, the foliage leaves, though their growth 
is often modified by influences which appear in the course of development.” But the 
facts do not necessarily bear out the interpretation thus put upon them: what is 
shown by such cases as that of Botryohium, or Blechnum, or Osmunda, is simply that 
a correlation exists between spore-production and vegetative development: where 
sporangia are present the vegetative growth is arrested, where sporangia are absent 
vegetative growth is more active: the further step that the sporophyll is a meta¬ 
morphosed foliage leaf, and that the plant in the first instance forms only foliage 
leaves is an assumption, made in accordance with the custom of reading conclusions 
of phylogeny into the history of the individual, but without sufficient regard for 
wide-extended comparison, I do not admit that the priority of the foliage leaf in 
the development of the individual shows its priority in the history of descent: these 
observations of correlation do not appear to me to touch the question of priority of 
evolution.} I shall attempt to show on a basis of comparison of certain of the lower 
Vascular Cryptogams that, in some cases at least , foliage leaves may probably have 

* Haxsteut, ‘ Beitr. z. allg. Morph, d. Fflanzen,’ 1882, &c. 

- „ . t *Bot. Zeit.,’ 1880, p. 753, &c., also Schenk’s ‘ Handbnoh,’ vol. 3, p, 110. 

t On this subject, compare ‘ Annals of Botany,-’ vol. 7, p. 373. 
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been the result of sterilization of sporophylls, and I have little doubt that this mode 
of origin of foliage leaves has been a wide-spread one. I should be slow, however, to 
make a general statement that either the one or the other was the original form of 
leaf for all vascular plants, for the different lines of descent have probably been too 
divergent to allow of a simple statement covering all cases: and it seems possible 
that at least the primary leaves of the protocorm* may have originated in a different 
way from other foliage leaves. 

The idea of metamorphosis thus entertained by Goebel is primarily an ontogenetic 
one, but “ it is extended by acceptance of the theory of descent.”t In my view it 
has been customary to attach too great importance to observations of individual 
development, while too little attention has been devoted to broad comparison of the 
lower forms of the sporophyte, and to the phylogenetic conclusions which may be based 
upon such comparison ; these should serve as a guide, as well as a check, upon the 
interpretation of the individual development. If the development of the individual 
be constituted the chief basis of the morphology of the sporophyte, while the check 
of more general comparison be only slightly applied, the conclusion may be arrived 
at that the first parts to appear were vegetative organs of simple type, then more 
complex vegetative organs, and that the spore-bearing members were of subsequent 
origin ; it might also be concluded, with Goebel, that the sporophyll is a metamor¬ 
phosed foliage leaf, or, in general terms, that spore-bearing members are the result of 
metamorphosis of pre-existent vegetative parts. But such a conclusion is plainly 
inconsistent with the story of the origin of the sporophyte, as it may be gathered 
from comparison of the lower archegoniate forms; for in them the production of 
spores is present from the first , and appears even to have preceded the simplest 
vegetative development. In such a case as this, where conclusions from the study 
of development are in antagonism to those derived from comparison, the former 
should, in my opinion, give way to the latter. 

Moreover, the custom of reading the development of the individual as illustrating 
the phylogenetic history, is, at best, based only on experience of its truth in certain 
cases ; because the epitome is found to be often true, it cannot be argued that it will 
be always true. In the rise of the sporophyte generation in archegoniate plants, I 
think we should hold, on grounds of broad comparison, that the development of the 
individual sporophyte cannot be taken en bloc as illustrating the history of the 
origin of the sporophyte at large. While spore-production appears to have been a con¬ 
stantly recurring fact from the first, comparison leads to the conclusion that the extensive 
vegetative phase which often precedes spore-production in the individual, was of more 
recent origin, appearing as an intercalated phase in the life-history. Accordingly it 
seems to me improbable that a sporophyll is realty to be regarded pbylogenetically as 
a metamorphosed foliage leaf; the converse would appear more reasonable. 

* Compare Trent, * Buitenzorg, Annales,’ vol. 8, p. 1 &c. 

f Loo, cit., p. 113. 
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The attempt must be made to formulate in the mind some idea of how the more 
complex forms of sporophyte came into being ; such an attempt it is now proposed to 
make, and to arrive, primarily on the basis of general comparison, and in the second 
place on the ground of individual development, at some idea how the progression from 
the simpler to the more complex forms of sporophyte may have taken place. 

In briefly stating the main problem certain views will, as already intimated, be 
assumed to be generally accepted; they are as follows :— 

1. The homology of the sporophyte as a whole in such plants as show antithetic 
alternation. 

2. The absence of any homology between the sporophyte and the gametophyte, or 
their parts. 

3. The derivation of the sporophyte of vascular plants from some simpler form, 
more or less like that of the lower Bryophyta. 

4. The recurrence of spore-production as a constant event in each life-cycle, during 
evolution of archegoniate forms. 

5. That, other things being equal, an increase in the number of spores produced is 
an advantage. 

It is believed that all the above theses would be upheld by botanists at large. 

The main problem is to frame a reasonable theory of the mode of derivation of the 
simpler vascular plants, with foliar appendages, and discrete archesporia, from forms 
with no appendicular organs, and an undivided or concrete archesporium. 

There are at least three imaginable ways in which the numerous isolated spore- 
producing parts characteristic of vascular plants may have originated from simpler 
ancestors with concrete archesporium :— 

(1.) By subdivision or partitioning of an original concrete archesporium, and 
outgrowth of the isolated fragments, together with the tissue surrounding them; 
sterilization of a part of the sporogenous tissue might play an important part in 
bringing this about.* 

(2.) By branching of a sporogonium (chorisis) and duplication of the head, as is seen 
in some monstrous Moss-sporogonia. 

(3.) By a formation of entirely new archesporia at points where such were not 
present in forms believed to represent their ancestors; such archesporia would have 
no direct connection by descent with pre-existent ones, but might in our view of 
sterilization be recognized as reversions. 

It has been one object of the enquiry detailed below to see if among the lower 
vascular plants evidence can be found of any, or of all of these processes. 

* If? should here "be remarked that the sub-division thus suggested may be further complicated by the 
continued apical or intercalary growth of the part concerned; and, as in the development of shoots and 
leaves, the increase in number of appendicular parts may be closely connected with such continued 
growth, so, I oonceive, may also the number of spore-producing members. An application of this will 
he found at p. 584, &c.—F.O.B., February, 1894. 
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The great gulf between, the Bryophyta and the Vascular Cryptogams must be faced 
sooner or later. It seems to me useless to turn away and say that the gulf is not 
to be bridged by hypotheses, and that the tracing of homologies in the sporophyte is 
hopeless, while our knowledge of the details of structure and development of those 
very forms which we believe to be near the boundary line is still so far from being 
complete. It is true that direct connecting links are almost absent; that fossils 
afford little help, and cannot be expected to yield much in the way of developmental 
data. * But the world’s surface has been almost completely over-run, without disclosing 
in recent years new forms which would obviously take an intermediate place, so that 
it would be idle to wait indefinitely for the discovery of new forms to help us in the 
solution of the difficulty. It, therefore, appears to me to be a duty to turn to the 
living vascular plants nearest to the border line, and endeavour, by careful compara¬ 
tive study of them, to add to the knowledge of their details, with a view to attaining 
a basis for a reasonable hypothesis. 

In pursuing this investigation, it will be important to fix the attention on organisms 
lower in the scale rather than on the higher forms ; for it is essential not to obscure 
the issues by irrelevant references to the parts of organisms higher in the scale, such 
parts being often described by names which bear preconceived ideas with them; 
accordingly, notwithstanding the attractions which such comparisons present, allusions 
to the Phanerogams will for the present be almost entirely omitted, and the applica¬ 
tion of the results obtained to the explanation of the forms of the higher plants will 
be deferred to a future occasion. The first step will accordingly be to briefly review 
such facts relating to the Algoo and Bryophyta as, being already in our possession, 
may have their bearing upon the main points of our enquiry. 


Sterilization in the Alm and Bryophyta. 

Beference having been made above to the part played by sterilization in the 
development of the sporophyte in the Bryophyta, and its progressive steps being 
more obvious in those plants than elsewhere, it will be well to examine the facts 
already recognized in them, before proceeding to the study of the Vascular Cryp¬ 
togams. There is good reason to believe that the latter were derived from some 
Algal-Bryophytic ancestry, so that observations of progressive elaboration in the 
Algee and Bryophyta may be reasonably accepted as suggestive of similar progress 
in the course of evolution of vascular plants. 

In the simplest plants showing antithetic alternation, viz., certain Confervoidese, 
the zygote undergoes on germination a subdivision of its protoplasmic body into a 
number of parts; there is, however, no differentiation of these, all are alike capable 
of acting as carpospores, and producing new individuals. Differences may be recog¬ 
nized between different types as regards the presence or absence of cell-walls; thus, 

, in Oedogonium or Sphm'opled, the carpospores may be primordial cells, while in 
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Coleochcete they have a definite cell-membrane ; this is, however, promptly left behind 
by the escaping protoplasmic body. In these Algae, the existence of the sporophyte 
is barely sketched out, and the parts of it show no differentiation; it is even an open 
question whether this rudimentary sporophyte of certain Algae be truly comparable 
with that of the Bryophyta ; but in any case it occupies the same position in the life- 
cycle. 

Differentiation is, however, present even in the simplest Bryophytic forms, as in 
Riccia glauca , where the peripheral layer of cells constitutes a temporary wall round 
the undifferentiated mass of sporogenous cells within (comp. Kienitz- Gerloff, c Bot. 
Zeit./ 1874, Plate 3, figs. 1-6). Further steps in advancing complexity are illustrated 
in other Liverworts; these may involve ( a ) sterilization of the whole transverse thick¬ 
ness of tissue of the sporogonium, proceeding from the base upwards, or (b) in differen¬ 
tiation of cells of the potential sporogenous tissue which remains, and sterilization of 
certain of them. In the rare genus, Oxymitra, the sporogonium is virtually similar 
to that of Riccia , but the cells of the wall appear to be less regular and definite, 
while certain of the cells of the sporogenous inner mass remain sterile,” but without 
undergoing any special development (Leitgeb, ‘Lebermoose/ Heft 4, pp. 42-45, &c.). 
In Corsinia , also, such sterile cells are found, while here the complete sterilization of 
the lower part of the sporogonium shows a clear distinction of apex and base, which was 
absent in the earlier-named genera. In Boschia , the sterile cells among the spores take 
the elongated form, and spiral or annular thickening, appearing, when mature, as the 
well-known elaters. Thus, within the Bicciese, both types of sterilization, (a) and 
(6), are initiated ;* in the Marchantiacese these characters become more marked, the 
elaters especially being a prominent feature, and showing some regularity of arrange- 
ment. 

As regards (ct), the sterilization of the whole thickness of tissue of the sporogonium, 
this is found in Marchantia to involve the whole hypobasal half of the embryo, the 
result being a pad of sterile tissue of the foot; but in Jungermanniese the hypobasal 
half remains small, while the epibasal half dividing into octants, each of these 
undergoes repeated transverse division and great elongation ; all the lower part 
of tbe tissue thus produced is vegetative, while the spore-production is confined 
to one or two tiers of cells at the apex. Here, then, is extensive sterilization 
extending far upwards into the body of the sporogonium—an intercalation of an 
intermediate vegetative stage between the zygote and spore-production. In the 
remaining family, viz., the Anthocerotese, the case as regards the type (a) of steri¬ 
lization appears very similar to that in the Marchantiacese, only the hypobasal 
portion of the embryo being completely sterile throughout the whole transverse 
section, and forming the enlarged haustorial foot. 

’Turning to the type of sterilization (6), viz., differentiation of the potential sporo- 

* It may be a question whether the genera of Algte and Liverworts quoted really illustrate their 
phylogenetic origin. . 
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genous tissue find sterilization, of certain of tlie differentiated parts, we see considerable 
differences in the disposition of the sterile parts. In the simplest cases the sterile 
cells do not differ from early arrested spore-mother-cells ( Oxymitra ) ; or they may 
be elongated and specially thickened, as elaters; these may be arranged with no 
regularity (. Boschia ), or they may radiate from the basal limit of the capsule 
(Marchantia) ; or project almost horizontally inwards from the wall of the spherical 
head (Jungevmannia tnchophylla, Hofmeister, ‘Higher Cryptog./ Plate 9, fig. 33); 
or they may appear as vertical rods or trabeculae passing from the outer wall to the 
base of the cavity (Frullania clilatata, Hofmeister, loc. cit, Plate 12, fig. 9, or 
Lcjeunia serpyllifolia, Leitgeb, loc. cit., Heft 1, Plate 3, fig. 14). 

In the examples hitherto cited there is no association of the sterile elaters in masses; 
this is seen to occur, however, in various genera, and with interesting differences of 
detail. Hofmeister (‘ Higher Cryptog./ p. 38), in describing the head of the 
sporogonium of Pallia epiphylla, remarks that “a whole string of cells lying in the 
longitudinal axis of the young fruit assumes this spindle form ; around this string the 
rest of the cells destined to form elaters are arranged, radiating upwards. Leitgeb 
(‘ Lebermoose/ Heft 3, p. 57) points out that this axile strand does not extend 
further than about two-thirds of the distance from the base upwards through the 
cavity of the capsule; he also recognizes that the strand consists of grouped elaters. 
In certain other genera (Metzgeria and Aneum) a somewhat similar arrangement 
is found, but in an inverted position. Leitgeb states (loc. dt., p. 31) that in “ Metz- 
geria a group of cells at the apex, situated in contact with the wall of the capsule, is 
arrested in its growth without being transformed either into elaters or spore-mother- 
cells ”; and, again, on p. 40, “ the rows of spore-mother-cells and elaters do not 
converge to a point at the apex, but to a group of cells below it, composed of cubical 
cells, and there is no doubt that these correspond to the original internal cells of the 
upper storey of the spore-producing space.” In Aneura * also a somewhat similar 
central sterile mass is found attached to the wall at the apex of the sporogonium, 
and extending for a distance down into the spore-cavity as a solid column, but finally 
branching off into numerous separate elaters. In Aneura pinguis the relatively large 
sporogonium has a well-defined columella of sufficient size to he easily seen with the 
naked eye, and extending two-thirds down the cavity of the sporogonium: in Aneura 
multifida the sporogonium is smaller, and the columella is represented only as a 
minute mass of cells, projecting downwards about one-eighth of the distance through 
the cavity: from these incomplete columella-like masses the elaters radiate down¬ 
wards into the mass of spores. The- transition from the parenchymatous cells of the 
columella to typical, spindle-shaped, spirally-thickened elaters is beautifully illustrated 
in A. multifida , and may also be traced, though not with the same completeness, in 
A. pmguis, In these sporogonia also it would appear that the columella is the result 

# I am indebted to Professor Farmer for sections illustrating these points in Aneura, and for drawing 
my attention to them. 
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of massing together of sterile elaters, and it is to be noted not only that the columella 
is larger and more complete in the species having the larger sporogonium (A. pinguis), 
but also that the columella is more elaborate here than in the examples previously 
quoted.* 

These very interesting cases of apparent grouping of the elaters to form a solid 
sterile axile strand, extending part way through the cavity, or even a sterile mass of 
ordinary cells, not developed as elaters, depending from the apex, appear to me to 
illustrate a matter of some importance. I think we may recognise in them imperfect 
steps towards the formation of a complete columella in the centre of the capsule, and 
see therein illustrated how, by the collection of sterile cells, isolated and uniformly 
diffused in other types, into a central position, a solid column of such tissue may be 
the result; such columns are here incomplete, but they suffice to suggest a possible 
mode of advance in sterilization, and it will be seen that this idea had not escaped 
the mind of Leitgeb. 

In the Anthocerotese the sporogonium attains a greater complexity than in other 
Hepaticse, but it is nob uniform in the different genera, and the variations in struc¬ 
ture have made them the subject of a careful discussion by Leitgeb ( f Lebermoose/ 
Heft 5), from which the following facts and quotations are extracted. 

In the more complex genera, Anthoceros and Dcndroceros, the lower part of the 
sporogonium is developed as a foot, which keeps up physiological connection with the 
gametophyte; there is no seta, but the whole of the upper part of the sporogonium 
is composed of a columella, round which, and arched like a dome over its extreme 
apex, is the sporogenous layer, while the sporogonial wall, of several layers, covers 
this externally. The central cells, formed by periclinal division from each trans¬ 
verse tier of four in the young embryo, are entirely converted into the columella, 
the sporogenous layer being cut off from the outer cells by their first periclinal 
division. But of the sporogenous layer itself the majority of cells are sterile, while 
only the minority produce spores ; the sterile cells in many species form a connected 
network, in the meshes of which the spore-mother-cells lie (loo. cit., p. 6). The inter¬ 
calary growth at the base of the sporogonium is apparently unlimited. 

In the genus Notothylas not only are the characters different from the above, but 
there is also a most interesting,variation in structure within the genus itself. The 
intercalary growth appears to be limited, when the limit occurs early, dwarf capsules, 
which are found in all species, are the result; sometimes, however, the growth is long 
continued. In. certain species some of the capsules are like those of Anthoceros as 
regards the columella; but ** in all species of Notothylas capsules are found, in which 
a columella is present it is true, but the oells of the columella are quite similarly 

* This genus has already been treated by Leclebc de Sablon (‘ Ann. Soi. Nat.,’ 7th Series, vol. 2, 
p. 161), and excellent figures given, illustrating the structure of the Columella (Plate 11, fig. 46). He 
also gives details of various other Liverworts; those relating to Frullania •will most claim our attention 
(see "below, p. 557). 
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formed fco the other sterile cells of the capsule-cavity, and are very easily separable. 
Investigation of such capsules shows that the columella is not formed independently as 
in Anthoccvos , and <c separately from the spore-bearing layers, but arises by secondary 
differentiation within the spore-bearing space, and thus coincides in this respect with 
the columella of the Moss-capsule ” (Leitgeb, { Lebermoose/ vol. 5, p. 7). “ But in 

some species of Notothylas (perhaps in all?), there are also capsules in which the 
columella is absent from the first; the sterile cells together form a connected tissue, 
a network which uniformly fills the whole cavity of the capBule ... It is instruc¬ 
tive that such capsules differ only by gradual steps from these with a columella 
which have just been described.” . . . “ By the formation of such columella-less 
capsules Notothylas is directly connected with other Liverworts.” (Leitgeb, loo. cit., 
vol. 5, p. 8.) 

“ If now, as I have endeavoured to show as probable, Notothylas be regarded as a 
form related to the Jungermanniacem, this must clearly be the case also for all the 
Anthoceroteae, which are directly allied with Notothylas , and are doubtless descended 
from a similar form. The sterile cells at first uniformly distributed through the 
whole spore-cavity, though connected together, first united at the axis of the capsule 
to form a strand of cells the elements of which were not as yet different from 
the rest of the sterile cells. As above noted, such capsules are still found in 
Notothylas. Probably the next step was that the mode of development of the cells 
composing the axile strand differed from that of the cells outside, in the spore-cavity. 
Probably this form also is present in Notothylas , and I refer to the capsules described 
above which show a development of the columella similar to that of Anthoceros. ,i 
(Leitgeb, loo. ait., p. 10.) 

In the passages thus quoted, Leitgeb’ s view of the progression of sterilization in 
the Anthoceroteae is quite plainly stated; he distinctly recognizes the association of 
sterile cells together to form sterile masses as exemplified by the columella; similar 
though less complete examples have been above cited in Pellia , Aneura, and 
Metzgeria , and we shall conclude that such association has been a feature in the 
advance of structure of the sporogonia in various genera of Hepaticse. 

There is one further point as regards the Anthoceroteae which will be of theoretical 
.interest: of the products of the sporogenous layer the majority of cells are sterile. 
Now it is quite possible and conceivable, after what has been noted above, that these 
sterile cells might further be associated together to form septa, which would thus 
partition off the sporogenous cells into separate compartments. We have no example 
of this among Bryophyta, but it would be the next natural step in continuation of 
the sterilizing process above traced. 

The Mosses present fewer points of interest in this connection; a certain 
parallelism may be traced with what has been described above—a progression of 
complexity from the simpler types of Phascacese to the Bryinese; and again it may 
be noted that whereas the archesporium in Sphagnum is of a closed dome-like form, 
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that of the Bryinese is like a barrel open at the ends, and it may be suggested that 
this latter condition is the result of sterilization of the apical part. But in the 
Mosses the whole sporogenous layer bears spores; sterile cells appear to be absent 
from it, and if the potentialities of further development of those sterile cells be such 
as have been suggested in the previous paragraphs, then such potentialities will not 
have a place among the present living Mosses. From a theoretical point of view, 
however, the differences in place of origin of the archesporium are important; in 
Sjphagnum it is derived from the amphithecium, in most Mosses it originates from 
the endothecium, and a similar difference of detail being also seen in the Antho - 
cerotece , we have good reason to conclude that the actual layer which gives rise to 
the archesporium is not to be strictly defined for all Bryophyta, we shall thus be 
prepared to think it possible that the spore-production might be relegated to still 
more superficial positions in other plants, as is actually the case in the Vascular 
Cryptogams. 

The elaboration of form of the capsules of some Mosses is interesting, as showing 
organisms making the best of a type of construction which is essentially unfitted for 
carrying on assimilation on a considerable scale. The whole sporogonium of Anthoceros 
is green, and can assimilate, though in most Liverworts assimilation is carried on only 
in a minor degree in the sporogonium, or not at all; and even in Anthoceros there is 
no specialization of form, and little specialization of structure to this end, lu certain 
Mosses, however, there is more specialized structure ; the seta usually contains little 
chlorophyll, but the head of the sporogonium, and especially the outgrowth of the 
apophysis where present, is the part in which assimilation is most active. The 
development of the apophysis for this purpose reaches its highest type in Splachmm 
lutewm (compare Vaizey, ‘Annals of Botany,’ 5,'p. 1), in which it appears as an 
expanded disc, bearing numerous stomata, and filled internally with spongy chloro¬ 
phyll-containing parenchyma. This is the most elaborate type of construction for 
assimilating purposes seen in the sporophyte of Bryophyta, and it is clearly the result 
of a comparatively slight modification of parts, already sterile, of the ordinary type of 
Bporogonium. 

In the above paragraphs some of the main phenomena of advance in the sporo¬ 
gonium of the Bryophyta have been briefly described, and it seems probable that 
progressive sterilization of sporogonous cells and progress of complexity of the 
sporogonium have gone hand in hand. As we recognize that vascular plants 
probably originated from some Algal-Bryophytic ancestry, it will be useful to carry 
forward to the study of the former clear ideas of the modifications which appear to 
have played a part in the advance of the Bryophyta. It is possible that there may 
be no homologies, possibly only slight analogies, but we should at least prepare 
ourselves to appreciate them if they exist. 

The comparative study of the sporophyte of the Bryophyta leads to conclusions 
which, may bp formulated as follows 
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T. There is evidence of* the sterilization of potential sporogenous cells, and the first 
result was probably the formation of a protective peripheral wall (Riccia). 

II. In the space within this wall other sterile cells may be dispersed among the 
sporogenous cells (elaters, &c.). 

III. Sterile cells similar to those thus isolated may in some forms be grouped 
together, producing coherent sterile masses of tissue (columella of Pellia, Metzgeria, 
Atieura , and Anthocerotese). 

IV. In all the more complex forms a central sterile columella exists, while the 
spores originate from a definite hand outside it (the archesporium). 

V. The position of this band is not constant, originating sometimes, more deeply, at 
other times being nearer the surface. 

VI. The archesporium may give rise to both sterile and fertile celb ( Anthooeros ). 

VII. In the lower part of the sporogonium a complete sterilization of the whole 
thickness of the sporogonium may be seen. This involves, first, the hypobasal half of 
the embryo, as in Marchantiaceae; or, progressing to successively higher tiers of cells 
in the epibasal half, forms the sterile seta of the Jungermannieee. 

VIII. Intercalary growth may play a prominent part both in the sterile (Junger- 
mnnnia) and in the fertile parts ( Anthoceros ). 

IX. Elaboration of* external form is suggested ( Polytrichum , Splachmm), but never 
carried far. 

X. Assimilation may be actively pursued in the sterile tissues, either in those of 
the seta (including the apophysis, Splachnum , &c.), or in the fertile part of the sporo¬ 
gonium (capsule of Anthoceros and most Mosses). 

XI. Differentiation of tissues is fairly advanced in the seta of some Mosses. 

Now under the above heads are included those features which, if collectively 
present in one organism, might lead to the production of such more elaborate forms of 
shoot as are seen in the lower vascular plants, except two, and they are prominent 
ones, viz.:— 

I. The formation of appendicular organs. 

II. The subdivision of the archesporial layer to form isolated patches, instead of one 
continuous tissue. 

With regard to the former—the origin of appendicular organs—-we are still in the 
dark, though various suggestions have been made. In approaching this difficult 
question, I wish it to be understood that the criticisms and suggestions now to be 
made are offered only in the most tentative way, while it will remain to be seen how 
far they may be supported by the developmental facts to be described below. 

Most of the hypotheses hitherto advanced have been based upon the belief 
that it is in the Filicineous series that the nearest point of contact between living 
Vascular Cryptogams and Bryopbyta is to be found. Bor instance, Kienitz-Gerlofe 
(‘B ot. Ze it./ 1878, p. 55), in putting forward his suggestion that the head of the 
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Moss-sporogonium is foliar in its nature, while the axis is rudimentary and is repre¬ 
sented only by one quadrant of the upper half of the zygote, which later takes part 
in the formation of the foot, draws his detailed comparison with the Fern-leaf 
(pp. 55-56). Again, Prantl (‘ Unters. z. Morph, d. Gefasskrypt./ Heft 1, p. 62, &c.) 
discussed the matter from the point of view of a comparison between Moss-fruits and 
the simplest imaginable Fern plant. Leitgeb was, however, more cautious (loo. cit 
Heft 6, p. 61), though he seems to have had comparatively large-leaved forms in his 
mind when he wrote as follows:—“ I believe that this much is certain: if we would 
trace the spore-forming generation of the Vascular Cryptogams from Livorwort- 
sporogonia, we must designate the cotyledons as the komologues of the latter, upon 
which at first the spore-formation must have been carried out, until, when the 
embryonic branching, i.e., the formation of the stem and its lateral members (loaves) 
took place, it passed over to the latter.” 

Very much the same view was entertained by Naegeli (‘ Abstammungslehre/ 
p. 476). Starting from the consideration of the steps of advance of the sporogonium 
of Liverworts, and distinction of a vegetative base from the sporogonial head, he 
discussed the mode of elaboration of the latter, suggesting it as possible that the 
apex became vegetative, “ and that the sporogonium developed as a lateral outgrowth 
on the apex; further that this sporogonium by further modification .... developed 
into the leaf-bearing stem.” But he contemplated it also as possible “ that the 
thallome-like sporogonium, as it became vegetative, may have extended directly 
(without a preliminary lateral branching) to the leafy stem.” He further recalls the 
fact that branching occasionally occurs in Moss-sporogonia, and suggests that this 
may have recurred repeatedly, in connection with continued apical growth of the 
whole. “’With the continued growth of the sporogonium in length, the spore- 
producing portion of it behind the apex is raised aloft, so that a stalked sporogonium 
is the result. The lateral branches are also fertile, and develop as sessile sporogonia. 
Thus a strobiJoid sporogonial system arises which is either the direct continuation of 
the original thalloid body, or if, as was first assumed, a lateral sporogonium was 
produced by branching, a lateral continuation of it” (p. 477). He then suggests how 
the sporogonia may have increased in size, and partially passed over to the vegetative 
state, their main body becoming leaf-like, while the spore-production is limited to a part 
of them: the result would be a leafy axis, of which all the leaves would be sporophylls, 

condition not unlike that of Lycopodium. The idea of Naegeli (as embodied in 
his Abstammungslehre, 1 pp. 475-479) refers the elaboration of the sporogonium so as 
to form the leafy shoot to some form of branching: in this it does not differ from the 
other theories above referred to; in all of them the origin of foliar members has been 
imagined as some process comparable to such branching of sporogonia, as is sometimes 
seen in abnormal cases. In all of them the apex 'of a sporophyll is assumed to 
represent the. apex of a sporogonium , or of some branch of a sporogonium , I think 
that the origin of this idea is to be found in tbe assumption so often made that the 
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nearest point of contact with the Bryophyta is to be sought among the Ferns. 
Now the Filicineons leaf, even in its simplest forms, is a highly organized foliar 
structure: in many ways the leaves of Ferns are peculiar, while in their higher 
developments they attain such complexity as is hardly equalled in the vegetable 
kingdom. It appears to me improbable that even the simpler types of the Filicineous 
leaf will serve as indications of the origin of the foliar development exhibited in other 
vascular plants. I think it is rather among those series of homosporous Pteridophyta, 
such as the Lycopodinem and Equisetineoe, in which a simpler type of leaf is the rule, 
that the inquiry may be pursued with better prospect of success. 

Now the LycopodinctB and Equisetineas are strobiloid types, in which the vegetative 
leaves and sporophylls are relatively small, and the axis relatively large; while the 
leaves are closely associated together in large numbers on the axis. The sporophylls 
usually bear but few sporangia, and neither vegetative leaves nor sporophylls show 
localized or continued apical growth in any marked degree. It has become the prac¬ 
tice in recent years to treat the shoot—whether sterile or fertile—as a whole (Sachs 
‘ Lectures,’ p. 3), of which the axis and leaves are component parts. This thoroughly 
sound practice is more obviously advantageous in cases where the axis is relatively 
large, and the leaves relatively small and crowded, and it will assist us in our discussion 
of these strobiloid Pteridophyta. 

The theories of origin of foliar members above cited, except perhaps Naegeli’s, 
assumed that the apex of the sporogonium represents the apex of the coming 
sporophyll, while the axis originated either as a somewhat similar branch, or as a 
lateral bud in some way not always strictly defined. As the result of comparative 
study of Bryophyta and Vascular Cryptogams, I would now put forward as a working 
hypothesis, that in the strobiloid Pteridophyta the apex of the sporogonium is the 
correlative of the apex of the strobilus. The result of this would be that the appen¬ 
dicular organs would all have been of lateral origin , appearing as an eruption of 
outgrowths, probably unimportant at first, from the surface of the relatively prepon¬ 
derating axis. Such branching of the sporogonium as occasionally is seen would find 
its correlative, not in the formation of leaves, but in the terminal branching of the 
shoot or strohilus, as in Lycopodium, or rarely in the strobilus of Equisetum 
(" acrogene Verzweigung,” Naegeli, 1 , loc. cit p. 478). As in the higher Bryophyta, 
so in the strobiloid Pteridophyta, a distinction is commonly found between vegetative 
and spore-bearing regions of the sporophyte; the seta of the former may then be the 
correlative of the vegetative region of the latter, while the sporogonial head would 
correspond to the whole strobilus. 

It would be premature to discuss details of origin of the appendicular organs, but on 
the view above sketched, it would appear possible that these should originate, not only 
from the sporogonial head (as sporophylls), but also from the sterile region (as vegetative 
leaves), and these two types of foliar organs may have been produced independently of 
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one another, while a further addition to the vegetative region might be made by 
sterilization of sporophylls. (See below, p. 535, &c.) 

I only know of one previous suggestion of such a nature as the above; it was made 
by the late Mr. Vaizey, in a very tentative way (‘ Roy. Soc. Proc./ vol. 45, p. 151), 
in connection with his work on the apophysis of Splachnum lutmm. Ho wrote as 
follows: “ That the apophysis performs the functions of a leaf, and is, therefore, 
analogous with the leaves of vascular plants, I think there can now Ixj no doubt, and 
as this structure is a development of the sporophyte, the possibility of its being also 
homologous , either directly or indirectly, suggests itself. I am myself incline.fi to 
believe that the two are homologous.” While admitting the analogy thus brought 
forward, I am not prepared to contend for the actual homology of the apophysis with 
a leaf or leaf-sheath. But I think we should do wrongly if we neglect to recognize 
that there is here, at least, a suggestion how a foliar development such as that of 
Equisetum may have taken its origin. If such sheaths were produced in large 
numbers in the lower vegetative region of a sporogonium, something like the simple 
shoot of Equisetum might be the result. A similar development in the sporogonial 
head might produce the strobilus. This view would harmonize readily with the 
embryology of Equisetum as described by Sadebeck, * Pringsh, Jahrb./ vol. 11; and 
by Btjohtien c Bibliotheca Botanica,’ No. 8, 1887. 

But sucli development as this would involve the second prominent feature which 
we above noted aswanting among the Bryophyta (above, p. 491), viz., (2) the sub¬ 
division of the arehesporial layer to form isolated patches, instead of one continuous 
tissue. Is there any reason to think such a subdivision probable, and how could it 
take place ? To answer this question recourse must be had to comparison of certain 
details of spore-production in the Bryophyta, and in the Vascular Cryptogams; the 
former are already provided by the researches of Leitgeb, while I hope to add to the 
latter in subsequent pages. The full discussion of this subject must, therefore, come 
at the end of this memoir; but in the meanwhile certain facts and conclusions from 
study of the Bryophyta may he considered. It has been seen that sterile cells (elaters) 
in certain Liverworts appear to be massed together, and form solid tissues, as in the 
case of the columella; it is, therefore, reasonable to expect that some similar process 
may occur again in such Liverworts, or other plants, as show sterile cells scattered 
through their sporogenous masses. Now the Anthocerotecs have by various writers 
been recognized as plants whose sporophyte approaches that of vascular plants more 
than that of other Bryophyta (Leitgeb, loo. tit, Heft 6, p. 60; Prantl, loo , tit, Heft 1, 
p. 62). In these plants a large proportion of the cells produced from the archesporium 
are sterile, and it would thus appear that a formation of sterile septa might be 
expected to result from a process of massing of these, such as is shown by Leitgeb to 
have produced the columella. But while noting this, I would not be understood to 
use it as more than an illustration, for I do not suppose that any living Bryophyte 
really Represents the progenitors of vascular plants. 
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Thus we see that certain of the factors which might lead to the production of a 
more complex type of sporophyte are represented in living Bryophytes. 

The next step will be, bearing these facts in mind, to inquire whether on the other 
side of the gulf, i.e., among the lower vascular plants, characters of a similar nature are 
to be observed, and we shall look for evidence in answer to the following questions :— 

(l.) Are sterile cells distributed among the sporogenous cells in any Vascular Cryp¬ 
togams ? 

(2.) Do any Vascular Cryptogams show a distinct part which may be correlated 
in position, structure, development, and function with the sporogonial head of the 
Bryophyta ? 

(3.) Are the sporangia ever borne in such relation to one another as to suggest a 
common origin by sub-division of simpler parts ? 

(4.) Is there direct evidence in any Vascular Cryptogams of conversion of potential 
sporogenous tissue into masses of sterile tissue, or conversely of conversion of sterile 
septa into spore-producing cells ? 

I am quite aware that, even if all these questions were answered by abundant 
evidence in the affirmative, this would not afford complete proof of the mode of 
descent of Vascular Cryptogams from simpler Bryophytic forms. Few biological 
hypotheses are completely proved, or even susceptible of proof, under the present 
order of nature. But what I submit is, that the search for answers to such questions 
as the above may, in the light of the facts already derived from the study of the 
Bryophyta, go far to support the working hypothesis above sketched in its broad 
outlines, and raise it to the position of a reasonably probable theory. 

EQUISETUM. 

The first detailed account of the development of the strobilus and sporangia of 
Equisetum was given by Hofmeister for E. arvense (“Higher Cryptogamia,” ‘Ray 
Soc.,’ p, 280, PI. 36); his results were in the main adopted and verified by Bussow 
(‘ VergL ITnters./ p. 147, and PL 9), but, as regards the origin and early history of 
the sporangium, the investigations of the latter add little to the facts already acquired 
by Hofmeistjgjr. A point of difference between these two writers is in the reference 
of the sporangium, as regards its origin, to a single parent cell. Hofmeister speaks 
of the shields (sporangiophores) exhibiting “at five or six points a rapid cell-multipli¬ 
cation, produced by the division of one of the cells of the under surface of the shield,” 
and he appears to refer the whole of each sporangium to one original cell. It will be 
seen that the essential part of the sporangium, viz., the sporogenous tissue, is refer¬ 
able in most cases with certainty to the successive segmentations of a single original 
cell, but the sporangium as a whole is of the eusporangiate type ; this was recognized 
by Bussow, and does not now admit of any doubt. 

The most accurate examination of the sporangiophores and sporangia of Equisetum 
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hitherto made has been by Goebel, his illustrations being taken from E. limosum 
(‘Bot. Zeit./ 1880, p. 549, PL 8, figs. 2-6; also, 1881, PL 6, fig. 1). The two most 
important of these are quoted in his * Grundzilge/ as fig. 223a and 223b (but under 
the name of E. jpalustre) ; in these figures, the archesporial cells are shaded so as to 
distinguish them. It has always been a difficulty to me to accept the story of 
development, as stated by Goebel; the earlier stage (‘Bot. Zeit./ 1881, Pl. 6, fig. 1, 
quoted as ‘ Grundzuge/ fig. 223a) shows an archesporium consisting of only one cell, 
which, is covered externally by two relatively deep cells, one of which is superficial; 
the later stage (fig. 223b), shows the sporogenous cells, eight in number, covered at 
the apex by three relatively shallow cells, which do not together measure a greater 
depth than the one superficial cell of the earlier figure. Assuming the figures to be 
drawn under the same magnifying power (on which point I find no statement in the 
original paper, or in the ‘ Grundzfige’), it would seem either that the cells overlying 
the archesporium contract and become shallower as development proceeds, or that the 
recognition of the archesporium as a single cell in the earlier stage (fig. 223 a) is at 
fault. Moreover, the history of development, as illustrated by the figures, is far from 
complete. In order to give a satisfactory account of so bulky a structure, it should 
be cut in three directions, radially, tangentially, and transversely, at different stages, 
but this was not done by Goebel. It thus appeal's that there is need of a re-exami- 
nation of development of the sporangia of Equisetum. 

Equisetum arvense L. (figs. 1-9). 

The results yielded by a study of E. arvense have afforded a more complete account 
of the early phases of development than in other species, and they will be desciibed 
first. E. limosum has also been examined for purposes of comparison with Goebel’s 
results and with the data from E. arvense . It will be seen that the details in the 
latter species are liable to considerable variation, and differ in some points from the 
more regular E. amuse. 

Badial sections through the very young strobilus of the last-named species show that 
the sporangiophores arise as already described by Hofmeistek, Btjssow, and Goebel ; 
they appear as ring-like outgrowths, which, in the longitudinal section, involve 
a considerable number of cells, with a fan-like tracery. Comparing those of E. arvense 
(fig. 1) with those of E. limosum (see Goebel, ‘Bot. Zeit./ 1880, Plate 8, fig, 2), the 
former, are of a more bulky character, and this will be found the case also with the 
sporangia of the species. As in E. limosum, the tissues of the sporangiophore, when 
cut in radial section, are referable to the outgrowth of six cells, but many more anti¬ 
clinal divisions appear in these before the convex outgrowth is considerable, than is 
the,case in E. limosum (compare Goebel, ‘Bot. Zeit.,’1880, Plate 8, fig. 2). Accord¬ 
ingly the sporangiophore of E. arvense is from the first of a more massive type than 
in E* Ivmsum, - In the larger sporangiophore shown in fig. 1 it is believed that the 
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cells marked (©) are correctly recognized as those which will give rise to the essential 
parts of two sporangia; it will be observed that these cells occupy corresponding 
positions on either side of the sporangiophore, adjoining the anticlinals 1 and 5. 
As the sporangiophores grow older the anticlinals become more strongly curved, 
owing to the more active growth of the central parts, while the sporangiophores of 
successive series coming in contact press upon one another, and their sides become 
flattened. Growth of the future sporangia now becomes more rapid, so that they 
begin to project (fig. 2), while cell-divisions rapidly succeed one another. The succes¬ 
sion and exact position of their walls is liable to some variation, as is almost always 
the case in the development of large cell -masses. The description now given is that 
which is found to be most typical, and it will be seen that a single cell is the ultimate 
parent of the essential parts of the sporangium ,* such a cell is shown, still undivided, 
in fig. 1, adjoining the anticlinal 5, in the larger sporangiophore. The first division in 
this cell is by a periclinal wall (fig. 1) separating an inner cell (shaded) from an outer 
one; the inner cell is divided first by anticlinal walls at right angles to one another 
(compare figs. 2, 3, and 7) into four, and subsequently by periclinal walls into eight 
cells, which form the lower part of the sporogenous tissue. But this is not the whole 
of the tissue from which spores are formed; a comparison of older stages (figs. 3, 4, 
5, fi) shows that, by subdivision of the outer of the two original cells, shown in fig. 1, 
additions are made to the sporogenous tissue; these appear in the following way. 
The outer cell usually divides by crossed anticlinal walls (figs. 2, 3, 7, and 8), which are 
succeeded by periclinals (figs. 3, 7); the inner cells thus formed are added to the 
sporogenous tissue, while the outer form the apical part of the wall of the sporangium 
and the tapetum; a careful comparison of figs. 1-7 will show that the sporogenous 
tissue is not limited by the first periclinal wall, but that cells derived from part of the 
outer of the two original cells form an essential part of the sporogenous mass; these 
cells are marked with a cross (X) in all the figures. In order to obtain tangential 
sections, which shall traverse the axis of the obliquely placed sporangium, the direct 
tion of section must be slightly inclined ; such a section is seen in fig. 7, in which the 
cell-tracery corresponds in all essential points to that of fig. 4 ; it further demonstrates 
how slight as yet is the projection of the individual sporangia beyond the margin of 
the sporangiophore, as is shown by the gentle curve of the surface above the apex of 
the sporangium. 

Owing to this very slight projection of the young sporangium, and its oblique 
position, transverse sections are not easily obtained in tbe very young state; but when 
the sporangium has attained the size and development of fig. 6, a transverse section 
shows plainly enough the relations of its parts (fig. 9); the spoTOgenouB tissue which 
is shaded is readily referable in its origin to the segmentation of a single cell of the 
transverse section; certain cells of the adjoining tissue develop of large size, and 
with dense protoplasmic contents, and it has been-difficult to decide whether there be 
not also an addition to the sporogenous tissues from such lateral cells; some longi- 
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tudinal sections appear to support this idea, but it has never been possible to prove 
beyond doubt that any such additions to the sporogenous tissue really take place; 
however, of the additions from segmentation of the outer of the two original cells 
(fig. 1) there cannot be any question after comparison of figs. 1-8. 

It is interesting to compare these results with Russow’s drawings (‘ Vergl. Unters.,’ 
Plate 9); his fig. 179 shows on the left side a sporangium of age intermediate between 
my figs. 1 and 2, and with.virtually the same structure ; while his fig. 177 corresponds 
substantially, though not in the minute details, with my fig. 3. Such correspondence, 
though not surprising seeing that the drawings refer to the same species (E. arvense), 
is certainly satisfactory. 

After the sporogenous tissue has been thus laid down, the cells which lie above it 
divide by periclinal and anticlinal walls; some four or five layers of cells are thus 
formed (fig. 6), of which the outermost develops as the apical part of the wall of the 
sporangium, the rest of the wall being contributed by the superficial cells of the 
lateral parts of the sporangium ; the cells directly surrounding the sporogenous mass 
assume the characters of a tapetum, while the intermediate cells become gradually 
compressed and finally disappear without any special modifications, as the period of 
maturity of the sporangium approaches. These later phases of the development 
having been more carefully followed in E. limosum, we may now proceed to examine 
the results of investigation of that species. 


Equisetum limosum , L. (figs. 10-21). 

It has been already shown that Goebel’s account of the development in this 
species leaves some points uncertain ; this is probably due in part to the very con¬ 
siderable variations of detail of the sporangia even in the same strobilus ; how great 
those variations may be is shown by fig. 10, which represents three sporangia in 
juxtaposition with one another (a, 6, c), together with the stalks of the sporangio- 
phores which bore them (sp.); not only is there a great difference in size and outline 
of these sporangia, but also in the number of the sporogenous cells as seen in the 
transverse section, and even in the number of layers of cells composing the wall. 
Such variations of detail naturally increase the difficulties of tracing the course of 
development. 

The earliest stages of growth have not been seen in E. limosum; but this is 
immaterial after the observations on E. arvense, and in face of Goebel’s drawing 
0 Bot. Zeit., 1881, PL 6, fig. 1); for there is no reason to doubt the correctness of 
the cell-net there shown, in what is obviously a median section. The only question 
is the correctness of recognition of the archesporium ; it will be seen from a study of 
older sections that the second cell, immediately overlying the shaded archesporial 
cell of Goebel s figure, should also be reckoned a part of the archesporium; as in 
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h. a rvense, this cell is added to the first archesporial cell, and originates by a subse¬ 
quent periclinal segmentation of the superficial cell. 

The sporangia of E. limosum are usually less bulky than those of E. cirvense: then 
apex is commonly more pointed, and the archesporial series may remain for a con¬ 
siderable time undivided by longitudinal walls : this is suggested by Goebel's figure 
(‘Bot. Zeit./ 1880, Pl. 8, fig. 3), and is conspicuously the case with fig. 11, in which 
the archesporium consists of only a single row of three cells ; such an appearance 
would be presented by the sporangium (a) fig. 10, if cut through radially. Other 
sporangia show the archesporium as a double row (as in fig. 12); it is to he noted 
here that the apical limits of the two rows do not exactly coincide, the row next the 
sporangiophore being longer than that more remote from it. Lastly, the sporangium 
shown in fig. 13 resembles more nearly the type of E. arvense, as regards the regu¬ 
larity of segmentation of the apical part of its sporogenous tissue, though the basal 
is irregular; it also has a rounded apex; the cells marked (?), adjoining the sporo¬ 
genous tissue laterally, are of large size, and have dense protoplasm; it is possible 
that they may be lateral additions to the sporogenous tissue, but such additions have 
not been definitely proved to take place. Of older sporangia cut radially, two extreme 
examples have been drawn; of these, fig. 14 is of the more pointed type, and comes 
from near the apex of the strobilus; it will be noted that the limits of the sporo¬ 
genous tissue on either side of the median line are unequal, and that, as in fig. 12, 
the sporogenous tissue is more extensive on the side next the sporangiophore than on 
that which is more remote ; the result is a very irregular disposition of the tissues 
towards the apex. The other example (fig. 15) shows a very bulky sporangium with 
broad rounded apex : this comes from the lowest tier of sporangiophores, and directly 
adjoins the annulus. The segmentation has here been very regular, and conforms 
more nearly to that of E. arvense than does that of the large majority of the sporangia 
of E. limosum . 

Of the tangential sections those shown in figs. 16, 17, 18 were from the same 
strobilus as the radial sections, figs. 11,12, 13. Fig. 16 represents one of the simpler 
types of sporangium, in which the sporogenous tissue consists in part of only a single 
row of cells. Figs. 17 and 18 are of a more bulky type, especially the latter, while, 
in addition to the sporogenous tissue which is shaded, the cells marked (?) are of con¬ 
siderable size and contain dense protoplasm; it is here again a matter of doubt 
whether cells of other genetic rows are not added laterally to the sporogenous tissue 
derived from the median row. Fig. 19 represents a rather older sporangium of the 
more bulky type, from the same strobilus as those drawn in transverse section in 
fig. 10, and in longitudinal section in figs. 14 and 15 ; it shows a sporogenous tissue 
of even a more massive character than that of b (fig. 10), and corresponds probably 
most nearly in complexity of structure to the sporangium drawn in fig. 15. 

The whole of these drawings serve to illustrate the considerable fluctuations of bulk 
and complexity of structure in the sporangia of this species, and this is quite in accord 
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with the experience of* Goebel (‘ Bot. Zeit./ 1880, p. 551). The observations here 
detailed agree with his so far as regards the reference of the sporogenous tissue to a 
single axile row of cells, with reservations of some questionable cases where parts of 
lateral rows may contribute a few cells ; but this has been actually demonstrated in 
no single case. I cannot, however, agree with him in referring the whole sporogenous 
tissue to a single cell of that vow ; here, as in E. t vrvense, additions are made to the 
primary archesporium by development of more superficial cells (marked X in figs. 12, 
13, and 16, where they are clearly distinguished). The cells of the axile row sooner 
or later divide by longitudinal walls, and again subdivide in various directions so as 
to produce a sporogenous tissue, which, in longitudinal section, would appear to 
average about 72 cells. 

Turning now to the cells which surround the sporogenous tissue, their arrangement 
is rather irregular, and the band of superficial tissue is usually thicker at the apical 
and lateral parts than on the anterior and posterior faces (figs. 10, 14); the sporo- 
genous tissue is covered at the apex by three to five layers of cells, which are narrow, 
and are arranged with some approach to regularity. Of the tissues composing this 
peripheral band, the innermost row of cells develop as the tapetum, dividing by 
repeated anticlinal walls, and may thus be distinguished from the rest (fig. 20); the 
outermost series become enlarged and their walls strengthened, forming the perma¬ 
nent wall of the sporangium, while the cells which intervene are compressed, and 
their nutritive substances withdrawn as the sporangium approaches maturity. 

As in other cases, the cells of the sporogenous tissue separate, round themselves off, 
and divide into tetrads. This process has been repeatedly the subject of detailed 
observation, and I do not propose to follow it further; there is, however, a fact of 
some importance which does not appear to have been noted by other observers, that 
is, the partial sterilization of the sporogenous tissue. It has been remarked above 
that an average number of sporogenous cells in a longitudinal section, before they 
separate and round themselves off, is 72, but the average number of these cells, as 
seen in one section after they are rounded off, is only about 44 : the explanation of 
this reduction is to be found in the fact that a considerable number of cells become 
disorganized during the process, as is shown in fig. 21. Here it is seen that the tapetum 
is still a continuous band outside the sporogenous cells, though the cell-walls of the 
tapetum are disorganized, and the nuclei float freely in the continuous protoplasm. 
The outer sporogenous cells still form an external barrier, but certain cells of the 
sporogenous mass have lost their definite outline, their protoplasm has become irre¬ 
gular, and their nuclei have lost size and brilliancy, and differ materially from those 
of the rounded sporogenous cells: the number of cells thus altered in the small part 
drawn is 13, as against 30 which are rounded off. These numbers, rough though they 
are, will suffice to explain the discrepancy above noted. In fact, about one-third to 
one-quarter of the sporogenous cells are disorganized and do not form spores: their 
function is that of a diffused tapetum, and there can be no doubt that their substance 
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contributes to the nutrition of the survivors. Ultimately the external tape turn 
makes its way between the rounded sporogenous cells, and then it is no longer 
possible to distinguish the nuclei and plasma of the external tapetum from those of 
the disorganized sporogenous cells. It will subsequently be shown that a similar 
breaking down of sporogenous cells takes place in other types of Vascular Cryptogams, 
and it must be recognized as one of the forms which sterilization of this tissue may be 
found to assume. 


Results from Study of Equisetum. 

1. The sporangium is Eusporangiate. 

2. The essential parts of the sporangium, that is, the contents, are ultimately 
referable in origin to a single superficial cell. 

3. The first division of this cell is periclinal: the inner cell forms only part of the 
sporogenous tissue , to which addition is made of other cells derived by further segmen¬ 
tation of the outer cell. The archesporium of Equisetum is thus shown to he not a 
single hypoclermal cell in the sense laid down by Goebel 

4. The tapetum is derived from the series of cells immediately surrounding the 
sporogenous mass. 

5. About one-third of the cells of the sporogenous mass are broken down and 
disorganized without forming spores ; these serve physiologically as a diffused tapetum, 
and help to nourish the developing spores. 

G. The superficial cells form the wall of the sporangium, while those between the 
tapetum and the wall are pressed out of shape and disorganized as development 
proceeds. 

7. The sporaugiopbores and sporangia of Equisetum arvense when young are, on 
the average, of a more massive type and more regular segmentation than those of 
E. palustre; and it is to be noted that the former is a terrestrial, the latter an 
aquatic species. 

Theoretical Consideration of the Results. 

Perhaps the most interesting point of detail in the results thus stated is that the 
archesporium of Equisetum is not, strictly speaking, of kypodermal origin, but that 
an addition is made to the first hypodermal archesporial cell by further segmentation 
of the superficial one. In this, it will be subsequently shown that Equisetum does 
not stand alone. In Isoetes, also, and in Selaginella , and, in rare cases, in Lycopodium, 
similar additions appear to be made to the sporogenous cells first laid down; the cells 
thus added are shown in Equisetum to develop into spores, and are thus archesporial 
in their character. It will be seen that these facts will affect the generalization of 
Goebel, as given in the paper in which he introduced the idea of the archesporium 
('Bot, Zeit.t I860, p. 569). He there states “that in all the Vascular Cryptogams 
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which he investigated there is a hypodermal archesporium.” Goebel assigns no 
lateral limit to the archesporial tissue as applicable for all cases, for, according to his 
description, the archesporium may be a single cell, a row of cells, or even a layer or 
sheet of cells ( loc. cit., p. 564). This my observations, to be detailed below, amply 
confirm. The only definite limit which Goebel assigns for all Vascular Cryptogams 
which he investigated is that of depth of origin; they are all hypodermal. In the 
strict sense, however, this is not the case in Equisetum. Accordingly, I do not see 
how any strict topographical definition can be applied to the arohesporium which 
shall hold for all Vascular’ Cryptogams. It is true that in most Vascular Cryptogams, 
and probably in all, the archesporium is ultimately referable in its origin to the 
segmentation of one or more superficial cells. But what part of the shoot in these 
plants does not originate in this way % A statement of this fact would be in no way 
distinctive in plants in which one or more initial cells are commonly the ultimate parents 
of the tissues of all parts, whether deeply seated or superficial. While the remits of 
my observations on sporangia of Vascular Cryptogams will confirm Goebel’s statement 
that the sporogenous tissues are referable in origin to a definite cell or cells ( arche - 
spw'ial cells), I find it impossible to give to these cells a strict topographical definition 
which shall apply in all cases. 

This conclnsion need he in no way surprising, for it is plain, in the first place, that 
the segmentation which gives rise to the archesporium, in Vascular Cryptogams, is 
different from that in Phanerogams ; in the latter the dermatogen is as a rule 
definite, and distinct in origin and segmentation from the subjacent hypodermal 
cells, which ultimately give rise to the sporogenous tissue. 

In the second place the origin of the archesporium in the Musci is not uniform ; 
for it has been shown by Waldner (‘ Die Entw. d. Sporogone v. Andrcea u. Sphagnum' 
Leipzig, 1887), that while in Sphagnum the archesporium is formed from the endo- 
thecium, in AndroBa it is derived from the amphithecium, the latter is also the case for 
other Mosses. 

The case of the Anthocerotese has also been noted above (p. 489); in these plants 
there is absence of uniformity in origin of the sporogenous tissue, within the limits of 
the 'family. This I take to be a most instructive example in connection with the 
present question. While there is, thus, want of uniformity within the Bryophyta 
in the depth of origin of the archesporium, there is also a difference in its mode of 
origin as we pass from the Bryophyta bo the Vascular Cryptogams, and again, in 
point of segmentation, as we pass from the latter to the Phanerogams. In view of 
these variations it need be no matter for surprise that in the Vascular Cryptogams 
themselves the mode of origin of the archesporium is not susceptible of a strict 
topographical definition which shall apply for all cases, 

Equisetum being a strobiloid type, in accordance with our working hypothesis, we 
shall look upon the strobilus as the counterpart of a sporogonial head, while the 
ape?r of the strobilus will then correspond to the apex of a sporogonium (see p. 492). 
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As regards the segmentation of the apex I see no difficulty in the present' case, for 
the apical cone of Equisetum, as seen in the strobilus, is in many respects similar to 
that of certain sporogonia of Bryophytes ; few would see in the difference between a 
two-sided and a three-sided cell, or between a three-sided pyramid and a growth 
with more than one initial, a serious objection to such a comparison as I suggest. 

The sterile central part of the strobilus, with its vascular bundles, would be the 
counterpart of a columella. It is, doubtless, more bulky, and its structure more 
complex, but, as regards its topographical relation to the spore-production, it is 
undoubtedly similar to the columella of Bryophytes. Now, among the Anthocerotem, 
there is found great variation in the bulk of the columella; in the genus Notothylas , 
especially, such variations are seen. I accordingly look upon the relatively greater 
bulk of the central sterile mass in Equisetum as no obstacle to its recognition as the 
counterpart of the columella. 

The form of the very young strobilus is clearly like that of a sporogonial head ; the 
chief difference lies in the simplicity of external surface of the Bryophytic sporogomtim 
and its connected archesporium, while, in Equisetum, the surface produces outgrowths 
(the sporangiophores), and the archesporia are isolated. But the appearance pre¬ 
sented during development is very suggestive, and may with propriety be thought 
to give a clue to the origin of the more complex structure. The young strobilus has 
first a smooth surface, on which undulating swellings appear, as already noted by 
Hofmejster and by Goebel. At an early stage, the sporangia may be recognized as 
originating at certain points on these outgrowths (compare figs. 1-4, PL 42), certain 
superficial cells, by their segmentation, supplying the essential parts of the sporangia. 
On our hypothesis, we should see in these cells and the products of their segmenta¬ 
tion, the isolated remains of a largely-sterilized potential archesporium, while the fact 
that they are carried out upon the massive sporangiophores need in no way disturb 
this comparison of the archesporial cells themselves. It may, however, be objected 
that, in Eqitisetum, superficial cells provide the essential parts of the sporangia; but this 
again is no real difficulty, for, ultimately, the same is the case in many Bryophytes; 
the amphithecium is, in the young state, a series of superficial cells, and it is this 
layer which in many cases yields the sporogenous tissue. But, in this connection,.the 
absence of strict uniformity of origin of the archesporium in the Bryophyta is specially 
important. The gradual appearance of the columella, and relegation of spore-pro¬ 
duction to more superficial tissues is illustrated in the Anthoceroteae; if such a 
modification were carried but a little further, if the columella were more bulky, and the 
definite specialization of archesporia deferred, ■ the result, c is regards locality, would 
be such as is seen in Equisetum. There is, however, the essential difference of the 
archesporium being in the Bryophyta one continuous baud, in Equisetum isolated 
patches; at present, we have no direct evidence before us how such a change took 
place, but, referring again to the analogy of the Anthoceroteae, the origin of the 
columella, by grouping of sterile cells, has been concluded by Leitgeb (see p. 489). 
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We see that, in Anthoceros, a large proportion of the cells resulting from the arche- 
sporium are developed as sterile cells; a grouping of these together might produce 
such a condition as is seen in Eguisetmn, viz., the isolation of those cells which still 
remain fertile (archesporia), while between them extensive tracts of sterile tissue 
would intervene. Such would be an extreme example of the septate condition, and 
it will remain to inquire whether any evidence is to be found among other Vascular 
Cryptogams as to the origin of sterile septa from a continuous potential archesporium. 
In the meanwhile, we may note with additional interest the presence of. a large 
number of sterile cells in the young sporangia of Equisetum, and, though they do not 
develop as elaters with thick walls, still in their condition of sterility they may pro¬ 
perly be compared with those of the Liverworts, especially of the type shown in 
Oxymitm . 

Another question will be whether from other types of Vascular Cryptogams 
evidence can he gained of the origin of upgrowths (sporangiophores) which would 
raise the sporangia beyond the surface of the part on which they are produced; such 
evidence would be of peculiar value in its bearings upon the question under discussion. 

In any discussion such as that before us, the facts concerning the etrobili of certain 
fossil forms will have to be considered. Whatever opinions may be held as to the nearer 
or more remote kinship of modern Equiseta to the Calamanco), there can, T think, he 
little doubt that the strobilus of a modern Equisetum as a whole is the homologuo of 
the whole spike-like fertile branch in the latter group. Assuming this to he granted, 
we see on comparing these several strobili that there is some variety in their construc¬ 
tion, and in the relations of the component parts one to another. Such points will 
have to be considered in the general discussion of the question, which will bo taken up 
later. 

In the meanwhile I see in the case of Equisetum no d priori objection to our 
working hypothesis ; the details of development would rather support it. But before 
it can be seriously entertained, some more consecutive evidence will be required that 
formation of sterile masses of tissue from a potential archesporium does occur; we 
shall also inquire whether it may he concluded, on comparative grounds, that septa 
have been produced within any naturally allied series of Vascular Cryptogams, thus 
dividing into separate parts an originally continuous archesporium. 


LYCOPODINEJ3, 

The Lycopodinese are also strobiloid forms, to which our working hypothesis may 
be applied. In examining them, we may be prepared to see in the strobilus the 
counterpart of a sporogonial head, while certain of the vegetative parts may have 
resulted from further development of a sterile part corresponding to a seta. In the 
latter category may, perhaps, be placed the protocorm of Trehb, with the leaves 
{protophylls) which it bears; it will, however, be shown that the majority of the 
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sterile leaves of certain Lycopods are more probably to be looked upon as sterilized 
sporophylls. These ideas will be applied in the study of various Lycopodinous forms 
which will now be taken up. 

Phylloglossum Drummgndii, Kunze (figs. 22-33 and fig. 92, a, b, a). 

The vegetative organs of Phylloglossum are now fairly well known, both as regards 
external form and internal structure. The earlier observations of Mettenius* * * § have 
been extended by M. Bertrand^ who investigated chiefly the mature structure, and 
by myself as regards the germination of the tuber, and the formation of the new 
vegetative parts from it.J These two researches, conducted^separately and published 
almost simultaneously, led to virtually the same conclusion, viz., that we may regard 
Phylloglossum as a form which retains, and repeats in its sporophyte generation, 
the more prominent characteristics of the embryo as seen in Lycopodium cemuum. 
This conclusion was based on comparison of Phylloglossum with young stages of 
development of Lycopodium cemuum , as described by Dr. Treub in his earlier 
memoir on that plant ;§ but the similarity in certain points is now seen to be even 
more striking since the publication of this author’s more recent observations on the 
embryology of this plant; || while assenting to the general conclusion, Dr. Tretjb 
prefers to give the thesis a slightly different form, by inverting it, and asserting 
rather that in their young state Lycopodium cemuum, inundatum , and salahense 
repeat the Phylloglossum , In view of Dr. Treub’s theory of the Protocorm, this 
amendment may be accepted. He states the theory as follows :—IF 

“ The embryonic tubercle in the Lycopods is a rudimentwi'y organ ” “ The organ 
theoretically admitted as occurring in the ancestors of actual Yascular Cryptogams, 
and styled above ‘ The predecessor of the leafy shoot as It is now seen in the genus 
Lycopodium ,’ exists even at the present day as a transitory stage in the genus 
Lycopodium, This organ is none other than the embryonic tubercle ” Further, "I 
propose to give the embryonic tubercle of the Lycopodiums the name of the 
Protocorm” Later, referring to Phylloglossum , Dr. Treub says : “it will be super¬ 
fluous to say that, to me, the tubercles of Phylloglossum Drummondii are to be 
looked upon as protocorms, playing still a real and considerable part. The protocorm 
of multiplication of Phylloglossum has become a much more specialized organ than in 
the Lycopodiums." 

From the above quotations, which put the whole matter on a firmer footing than 

* ‘ Bot. ZleiV 1867, 

t ‘ Aroh. Bot. da Nord de la France,’ 1885, p. 70. 

J ‘ Phil. Trans.,’ 1885. 

§ “ Etudes sar les Lycopodiac^es,” ‘ Ann. du Jard* Bot. de Baxtenzorg,’ 4, p. 107, 

|| ‘Ann. da Jard. Bot, de Buitenzorg,’ 8, p. 1, 

•IT Loo. rit., 8, p. 30. 
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before, it appears that Dr. Treub would endorse the last words of my former memoir 
on Phylloglossum, viz., that “it is a permanently embryonic form of Lycoped”; in 
fact, as he states,* Phylloglossum “ would represent a more ancient group than that 
represented by living Lycopodiums.” 

This view, however, is not universally admitted. M. Bertrand, while recognizing 
the similar ity between the early stages of Lycopodium cernuum and the adult 
Phylloglossum, , remarks “It is singular, in the present case, that Phylloglossum is 
superior to the Lycopods, and still that its adult state is but a reproduction of an 
embryonic stage of the latter. Here is a case of retrogression, which has as its prime 
cause the semi-aquatic habit.” I confess, with all respect to M. Bertrand, that 
the anatomical characters on which he chiefly relies for assigning relative positions 
to the Lycopods do not seem to me a sufficient reason for placing Phylloglossum 
higher in the scale than Lycopodium. As to the semi-aquatic habit, it seems to me 
that it is precisely in such positions that the most interesting early forms of the 
sporophyte might on a priori grounds be expected to occur ; if, as I have suggested 
elsewhere, antithetic alteration be an adaptive development closely connected with 
the progression from water to the land, then the semiaquatic flora should include 
some of the earliest types of development of the sporophyte.f Accordingly, I am 
disposed to look upon Phylloglossum as relatively a primitive form, and for this 
reason I shall give it the first place in the description which is to follow. 

One of the most marked characteristics of Phylloglossum , and one by which it is 
distinguished from species of Lycopodium , is that the transition from the loaves 
borne by the protocorm to the sporophylls of the strobilus is usually a sudden one. 
The zone of intercalary growth, by the extension of which the strobilus is carried 
up, appears to he a natural limit between the vegetative leaves on the one hand, and 
the sporophylls on the other. In one specimen, represented in fig. 22, a single sporo- 
phyll is seated at some distance below the rest of the strobilus; it has, however, a 
sporangium in its axil, and is therefore to be looked upon as a sporophyll which was 
left behind in the course of intercalary growth ; but it is also of larger size and more 
succulent development than normal sporophylls, and may therefore bo actually an 
intermediate step between the sporophyll and those leaves (protophylls) which are 
borne by the protocorm. On the other hand, it is not unfrequently found that the 
last of the protophylls is smaller than the rest; this was shown in figs. 18, 20, 25, 
and 27, of my former paper, and alluded to in the text on pp. 670, 671, and 675.| 
The position of these leaves is close to the base of the strobilus in those plants which 
bear sporangia j these leaves, again, are probably transitional steps between the 
typical protophyll and the sporophyll; they are, however, inconstant, both in form 
and occurrence, and commonly the transition is a sudden one. I think it probable 

* Log, oit.f p. 73. 

t ‘Annals of Botany,’ yol. 4, p. 347, <fcc. 

■ . : , . V;' ^ . t ‘Phil. Trans.,' 1885, 
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that the part described by M. Bertrand under the name of the "organ of 
Mettenius,”* is simply one or two rudimentary leaves of this nature. This was 
suggested by M. Bertrand himself (loc. cit., p. 197), but whereas he describes this 
organ as of constant occurrence, there was very little constancy in its appearance in 
the specimens which I have examined. 

The strobilus itself is almost always simple, but one specimen, grown in the 
Glasgow Botanic Garden, shows a branching (fig. 23) into two unequal limbs. The 
plant was a weakly one, and neither of the strobili appeared well developed ; it may 
therefore be looked upon as an abnormality, though it is interesting for comparison 
with the branched strobili of various species of Lycopodium. 

For comparison, on the one hand with the structure of the mature protophylls as 
described by M. Bertrand t and by myself,} and on the other with the protophylls 
of Lycopodium ccrnuum, as described by M. Tretjb,§ I have made drawings of young 
states of Phylloglossum. Fig. 24 shows a whole plant, such as that of fig. 8 of my 
former paper, in median longitudinal section, while fig. 25, i., ii., iii., are successive 
transverse sections of a single leaf. It is true that no distinctive characters are 
apparent from these sections, but the rarity and morphological importance of this 
plant justify the representation of such details, even though the bearing of them 
may not be obvious at the present moment. 

Applying our working hypothesis to Phylloglossum , which on grounds above stated 
we recognize as a relatively primitive type, we should see in the protocorm the 
counterpart of the seta of Bryophytes. It is enlarged it is true, and bears appen¬ 
dicular organs (protophylls and roots), but these are distinctly primitive in their 
form ; the leaves are arranged in a rather irregular fashion, the roots are exogenous and 
the whole character of this part of the plant is such as to fall in with the hypothesis. 
The distinction between this vegetative region and the strobilus is unusually definite, 
more so than in other Lycopods, while there is an entire absence of that intermediate 
vegetative region which forms the greater part of the plant of Lycopodium, , even in 
such species as still show the characters of a protocorm in their embryonic stages. 
In the strobilus we should see the counterpart of the sporogonial head; as in the 
case of Equisetum, it is more complex in external form than the sporogonial head, 
bearing appendicular organs, and separate sporangia; but the same arguments as 
have been used in the case of Equisetum will apply also here in meeting antecedent 
objections on these grounds to the comparison which I suggest. The detailed 
examination of the strobilus will now be proceeded with. 

The strobilus has been described in minute detail by M. Bertrand, || as regards 

# * Arch. Bot. da Nord de la France,’ loc . dt, p. 74. 

t Luo, cit., p. 174. 

$ * Phil. Trans.,’ 1885, p. 673, and figs. 36, 37. 

§ ‘Ann. d. Jard. Bot. d. Buitenzorg,’ 8. 

|| Loc, dt n pp. 120-131. 
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its mature structure, but developmental data are at present wanting. This lacuna 
I am able partially to fill, from observations on specimens reared from tubers in the 
Glasgow Garden. The youngest state of the sporangium seen in radial section is that 
shown in fig. 26. The section includes the apex of the strobilus, which is occupied 
by a conical initial cell; round this are segments disposed with some regularity, 
but it is diffi cult to refer the whole growing point in origin to this single initial. A 
single initial was not found either at the apex of the mature tuber, nor of the young 
one, and s uffi cient material was not at hand to decide the time of its appearance 
at the apex of the strobilus, or whether it be constant in occurrence, or in form. 
Below the extreme apex the youngest leaf (1, ii.) appears as a broadly convex out¬ 
growth, without any single initial, while the next older sporophyll (.s* 1 ) is already far 
advanced, and bears in its axil the young sporangium. This is a multicellular 
outgrowth, of which the cells, as seen in this section, are referable in origin to a 
single parent. Segmentation has, however, gone so far that a single archesporial 
cell (a) is completely surrounded by others, and occupies a rather deeply-seated 
position. Fig. 27 shows another section through the same sporangium (which, as in 
Lycopodium , is a sausage-shaped outgrowth, and may thus be traversed by numerous 
planes of radial section). Here the segmentation is more regular, and the arche- 
sporium appears divided into four cells by very delicate walls, which the treatment 
of the previpus section bad probably made invisible. The cells below the archo- 
sporium are also showing the first signs of that activity of growth and division, 
which results in the formation of the stalk of the sporangium. Fig. 28 shows a 
rather later state with less regular segmentation, while in fig. 29, the first peri- 
clinal divisions are appearing in the cells of the wall of the sporangium. (N.B. This 
section is not exactly median.) Finally in fig. 30 is seen a sporangium in which all 
the essential parts are present. The enlarged head is borne upon a short and rather 
massive stalk, and it is bounded externally by a wall composed for the most part of 
two layers. Of these the inner would divide subsequently, and the inmost layer 
thus formed would be the tapetum. The basal part of the tapetum is already present 
aa the irregular series of cells which adjoin the base of the sporogenous mass, the 
latter is already showing signs of the separation and rounding off of its cells 
preparatory to the formation of the tetrads. Taking all these facts together it 
is plain that the development of the sporangium of Phyllogloxsum corresponds in 
essential points with that of Lycopodium Selago, as laid down by Goebel/* or as 
described more in detail in later pages of this memoir (p. 511, &c.). 

To gain an adequate knowledge of a solid body such as the sporangium of 
Phylloglossum, transverse and tangential sections must also be examined; but, owing 
to the small quantity of material, the details could not be so completely worked out 
as they will be in some species of Lycopodium to be dealt with later. Transverse 

* ‘ Bot. Zeit.,’ 1880, p. 561, 
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sections through a sporangium of age corresponding to fig. 28, show that the 
archesporial cells form a series of which the number is at least four, and is probably 
larger (fig. 31); the section shows the sporangium united both with the stem and 
the sporophyll, the plane of section must therefore have been about the dotted line 
in fig. 28, and the two will mutually explain one another. Fig. 32 again shows part 
of an older sporangium in similar section, where the wall has already divided into 
two layers, while the sporogenous cells still form a continuous tissue, and have not 
yet completed the divisions before the separation of the spore-mother-cells. 

Finally a tangential section (fig. 33) of a sporangium rather younger than that of 
fig. 32 shows the form of the sporogenous mass, which is curved in a sinuous fashion, 
while the cells are obviously arranged in groups which show their mode of origin 
from pre-existent parent-cells; but each of these groups does not represent the whole 
product of one archesporial cell; probably each of the latter gives rise to two or even 
three of the groups there clearly defined. I am not able to state definitely the 
number of archesporial cells in this plant, but it is probably about six. Below 
the sporogenous tissue is the formative tissue of tapetum and stalk, of which the 
cells have obviously undergone repeated divisions, so as to raise the sporogenous mass 
up from its originally deep-seated position ; the point marked ( X) is the middle of 
the sausage-shaped sporangium, only half of which could be shown in the figure. 

The general form of the sporangium as it approaches maturity, and its relation to 
the sporophyll and axis, will be seen from figs. 92 (a, b, c), and it is to be noted how 
closely the sporangium is surrounded by the sporophylls, and laterally by out-growing 
flanges of the axis, so that it is almost completely protected from evaporation from 
its surface, or from the direct sunlight, during its earlier period. The form of the 
sporangium is slightly curved (fig. 6), and it is inserted by a short and moderately 
massive stalk close to the axil of the sporophyll. 

Taking all the characters* together, the strobilus of Phylloglosmm is, both in. 
its development and in its mature structure, strikingly similar to a simple strobilus 
of some species of Lycopodium; comparing the sporophyte of these plants as a 
whole, the most salient points of difference are 'first the size, and secondly the 
absence from Plvylloglossum of any representative of the leafy and often branched 
vegetative axis , which as a development of considerable, often of great extent, 
precedes the production of strobili in Lycopodium, 

Summary for Phylloglossum. 

The most important results from this examination of Phylloglossum for purposes 
of our present comparison are these :— 

1, The abrupt transition (with only few and inconstant intermediate steps) from 
the protocorm with its protophylls, to the strobilus with its sporophylls and 
sporangia. 
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2. The close similarity of the strobilus to that of Lycopodium. 

3. The origin of the sporangium corresponds in detail to that of some species 
of Lycopodium, such as L. Selago. 

4. The archesporium consists of about six cells, only one of which appears in each 
radial section. 

Lycopodium. 

In the observations above described, and in those embodied in other works referred 
to, I see no material obstacle to the application of our working hypothesis to Phyllo - 
glossum , according to which the protocorm would be compared with the sterile seta 
of Bryophyta, of which it would be an elaborated example; the strobilus would also 
be an elaborated type of sporogonial head. It must, however, be remembered that 
the embryology of Phylloglossum is still unknown, while the sexual generation has 
never been seen; till observations on these are made, such a question cannot be con¬ 
sidered as finally settled. 

The relations of parts are by no means so obvious in the genus Lycopodium; in 
certain species, as already shown by Treub, the protocorm is represented in embryonic 
stages (X. inundatum, salalcense, cernuum ), but in these it plays an unimportant part, 
as compared with the vegetative development which follows, and the question will 
arise how this more prominent vegetative phase of Lycopodium is to be regarded. 
The strobilus in many species is a clearly differentiated part of the plant (e.g., L. da- 
^atnm ); in other species, however, there are peculiarly alternating sterile and fertile 
zones on the plant {e.g., L. Selago), and the question for us will be how are such 
characters to be harmonized with what has been seen in Phylloglossum, and how will 
they fall in with our working hypothesis ? But before such questions oan be discussed, 
the detailed description of observations which have been made on Lycopodium must 
be given. 

The most detailed descriptions hitherto published of the development of the 
sporangium of Lycopodium are those given for X, Selago by Goebel,* and by 
Sadebece.+ for X. clavatum. These descriptions are based chiefly upon radial sections 
through the Btrobilus, and though the appearance in tangential section is alluded to, 
no detailed description is given of the tissue so exposed ; transverse sections appear 
not to have been examined by either writer. Obviously sections will be required in 
all three directions, radial, tangential, and transverse, in order to obt ain a clear under¬ 
standing of the structure and development of the sporangium; this is more especially 
needed where, as in this genus, the sporangium is large and complex in structure. 
Sadebeck remarks| that the recognition of the details of the archesporium is a 
matter of no great moment; in dealing with plants, which are allowed to be the 
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surviving relics of a flora with a great history in the past, and to show affinities to 
the Bryophyta, all details have their importance, more especially those which relate 
to the primary spore-producing members. Goebel appears to have examined only 
one species in detail, and to have assumed that the details are virtually the same for 
all; in so comprehensive a genus as Lycopodium it is desirable to examine and compare 
a number of species, of as divergent types as possible. 

Accordingly a very large number of serial sections have been prepared from different 
species of the genus ; the strobili have been cut radially, tangentially, and transversely, 
and upon these sections a comparative study of the development of the sporangia from 
their earliest stages has been based. The results will now be described in detail, and it 
will be shown that there is not only a considerable variety in the form of the sporangium 
in different species, but also in the mode of origin and number of the archesporial cells. 

It may further be added that the sections were cut in series, by the rocking micro¬ 
tome : being extremely thin, there was no need of clearing by potash or other 
agents : as each section included only one layer of cells, or at most parts of 
two, there was no need of focussing down into the thickness of the section in order to 
obtain results, a method which has frequently been a source of error in developmental 
studies. Finally, the recognition of the archesporium in early phases of development 
has not been based merely upon the refractive power, or granular character of the 
cell-contents, but in cases of doubt the decision has been arrived at by comparison of 
other sections illustrating the course of development, rather than by recognition of 
differential characters in the individual specimen; for these differential characters 
often appear relatively late, and are, at best, an uncertain guide. 

L, Selago. L. (figs. 34-49, and fig. 92, d , e,/). 

This species having been the subject of the most detailed previous study, will be 
first described. The sporangium originates on the upper surface of the sporophyll, 
and close to its base; it is, at the time of separation of the tetrads, a slightly curved 
body, of which the form as seen in radial, tangential, and transverse sections will be 
best recognized by reference to the figs. 92, d , e, f It is specially to be noted that 
in the radial section the stalk is narrow in proportion to the size of the head of the 
sporangium, while, as seen in tangential section, the stalk measures rather less than 
one-third of the total width of the sporangium. The sporophyll covers in the young 
sporangium only partially; and, together with the next higher leaf and flanges of the 
stem below the insertion of the lateral leaves, forms a much less complete protection 
than is the case in some other species. 

In examining radial sections through the sporangium those have always been 
selected which include the vascular bundle of the sporophyll; it is not sufficient in 
the case of a sporangium of tranversely elongated form, like that of Lycopodium, to 
ascertain that the section of the sfcrobilus is strictly radial, for in such a section the 
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sporangium may be traversed obliquely ; if, however, the sporophyll be cut radially, 
so also must be the sporangium which it subtends. As seen thus in radial section the 
sporangium appears to originate from a single cell, but this is only one of a series 
which lie at the base of the sporophyll. This cell divides by anticlinal walls, so 
disposed as to cut off lateral parts from a larger cell which lies between them 
(X figs 34, 35); the lateral cells undergo subsequent subdivision, but apparently not 
according to a strict rule, as will be seen on comparison of figs. 35 to 41 ; the larger 
central cell (X) has a square base; by periclinal walls there are cut from it a basal 
cell (iii) which after further subdivision contributes to the central part of the stalk ; 
and a superficial cell (i), which forms part of the wall of the sporangium : the coll (ii), 
which lies between these, is the archesporium, and it is thus unicellular, as seen in 
radial section. The description thus far coincides with that given by Goebel, and 
fig. 36 may be compared with his fig. 8 ; excepting some differences of position of the 
less important walls the drawings correspond ; it is not however to be expected that 
the correspondence should extend to minute details, in the case of relatively bulky 
masses of tissue such as these. I am unable to endorse the details of the subsequent 
steps as described by Goebel. He illustrates by his fig. 9 how, at a later stage, the 
sporangium consists of a wall of a single layer of cells, and three rows of cells enclosed 
by it. The archesporium is stated by him to be derived from the central more 
strongly-growing row, while lateral rows are curved to one side, and take no direct 
part in the formation of spores ; it is to be noted that Goebel gives no account of 
how these three rows of cells originate, and in accurately radial sections I have novor 
seen such an arrangement. The structure of the sporangium, which X found to bo 
typical though not constant at this later stage, is that shown in fig. 3 7 ; the cell (i) 
of fig. 36 has undergone anticlinal divisions, so that the wall, of which it forms a part, 
consists of a single line of cells ; cell (ii), which is the archesporium, divides longi¬ 
tudinally and transversely, so as to form a group of sporogenous cells, which abut on 
three sides directly upon the wall of the sporangium, while the base is in contact with 
the tissue derived from cell (iii ); this has undergone longitudinal division into two, 
and these cells divide repeatedly in a transverse direction, so that two primitive rows 
of cells, not three, occupy the interior of the stalk. But this almost diagrammatic 
regularity may be often absent, and some sporangia present appearances such as those 
in figs. 38 and 39 ; the explanation of such irregularities as these is to be found in the 
fact that the archesporium consists not of one cell, but of a row of cells, and that the 
walls separating these do not always run in radial planes, but sometimes obliquely, 
so that even a perfectly radial section, cut very thin, may include parts derived from 
distinct arehesporial cells; this has probably been the case for the parts a and b of 
the figs. 38 and 39. In the latter the periclinal division of the cells of the wall has 
begun; this takes place as Goebel has described it, the superficial cells dividing 
periclinally; the inner of the resulting layers again divides, the innermost layer being 
the tapetum; there is often some irregularity in the details, and it is to be specially 
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noted that the second divisions are delayed at the. apex, where the line of dehiscence of 
the sporangium will be (d, fig. 40). The head of the sporangium meanwhile enlarges, 
the sporogenous mass of cells having grown, and having undergone repeated divisions 
the spore-mother-cells round themselves off, separate from one another, and are freely 
suspended in a fluid mass ; they then divide into tetrads in the manner already 
well known. The structure of the radial section of the sporangium at the time when 
all the essential parts are laid down, is thus shown in fig. 41 ; the wall consists 
typically of three layers, of which the outermost is the permanent wall; irregularities 
occur, however, by which the number of layers is in part increased to four, or even 
more layers ; the stalk, originally consisting of three rows of cells, remains permanently 
narrow as compared with other species, and shows 5-7 rows of cells. 

Since the sporangium, when mature, is a reniform body, tangential sections, which 
follow the plane of curvature, will give more certain results than transverse sections 
in determining the origin, number, and form of the archesporial cells. Hitherto, little 
is definitely known on this point. Goebel does not give any detailed account of the 
tangential section {loo. cit., p. 564). Fig. 42 shows a tangential section, through a 
sporangium of nearly the same age as fig. 36, and the corresponding cells are similarly 
numbered. It thus appears that the number of archesporial cells (which are here 
shaded) is at least seven, but a comparison of other sporangia shows that the number 
may vary. Examination of their arrangement, and relations to one another, shows 
that they are not referable in origin to a Bingle ceil, though this was suggested by 
Goebel as not improbable. It seems rather that in this section they are referable to 
at least three, but a comparison of other sporangia has not disclosed any fixed 
number of archesporial cells, nor any definite mode of their origin. The sporangium, 
which appears at first (fig. 42) as a simple projection, soon begins to extend right and 
left (fig. 43), projecting beyond the limits of its stalk, and assuming ultimately the 
kidney-like form shown in fig. 92, e; the archesporial cells meanwhile divide (figs. 43 
and 44), in a manner which explains itself from the figures; the cells of the waill also 
divide periclinally, and in accordance with what has been seen in radial sections. 
The tissue derived from the cells marked (iii.), and the adjoining cells, is worthy of 
attention: the cells grow and divide repeatedly, forming a massive pad below the 
sporogenous tissue, which apparently presses the latter outwards, especially at the 
central part, and the whole sporangium assumes the curved form. This pad of 
neutral tissue is smaller here than in several other species, but it is well to note its 
existence, and as it will be an important feature in the subsequent argument, it may 
be called the sub-archesporial pad. 

It remains to describe the appearance of the sporangium in transverse section. 
This has been alluded to by Goebel {loo. cit., p. 564), and the multicellular character 
of the archesporium was observed by him, but no drawings were published. The 
sporangium appears as an elongated and massive projection, and when viewed exter¬ 
nally and from above, shows no clearly-defined series of cells which could be 
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distinguished as the cells (ii.) of figs. 36 or 42 ; the segmentations seom to ho irregular, 
and this will coincide with the difference of details of segmentation as soon in other 
sections (fig. 45). The series of archesporial cells being curved, it is clear that a 
transverse section will out only the middle cells of the series transversely, while those 
right and left from them will be cut obliquely; this must be remembered in the inter¬ 
pretation of the sections. When cut transversely (fig. 46), the young sporangium 
shows the series of archesporial cells, of which six or more may be traversed. The 
wall of the sporangium consists at this stage of a single series of cells ; at the poles 
of the sporangium the appearance of a doubling of the walls may be presented, but if 
reference be made to fig* 42, and the plane of section be taken as the line s, #, it will 
then be understood how this apparent doubling comes about. The sporangium, in 
such sections as fig. 46, is adherent to the sporophyll. This is explained by reference 
to fig. 36, in which the line s, s will indicate the plane in which the sporangium of 
fig. 46 has been cut. The subsequent development is illustrated by figs. 47, 48, and 
49, and, after the foregoing descriptions, these will call for no detailed explanation. 
It may be noted, however, that the wall of the sporangium on the side next the 
sporophyll is commonly thicker than on the adaxial side; this may he seen early in 
the radial sections (figs. 37-39), and comes out clearly in the transverse sections also 
(figs. 48 and 49). 

The origin of the tapetum is, as Goebel has described it, partly from the cells 
which form the wall of the sporangium, but partly also from the products of cells 
(iii.) in figs. 36 and 42. The question may be brought up whether the whole of the 
sporogenous mass he really derived from the cells recognized as the archesporium, or 
whether other cells may also contribute to the mass; for instance, such cells as those 
marked (x) in figs. 46 and 47 might suggest the idea of such additions; other 
sections, somewhat irregularly cut, might also be thought to support this ; it has, 
however, been shown that the cells marked (X) owe their appearance to the oblique 
direction in which the plane of section traverses the lateral parts of the sporangium, 
and a similar consideration of the details in other cases suffices to show that in this 
species the sporogenous mass is referable in its origin entirely to the archesporiuto as 
above described. 

It is well known how L. Selago bears on one and the same axis successive fertile 
and sterile zones; the character of the leaves, however, varies but little, the sterile 
foliage leaves being in all essential points similar to the sporophylls. An exami¬ 
nation of the leaves about the limits of these zones shows that in the axils of those 
apparently sterile, a more or less completely arrested sporangium is commonly to be 
found, so that the transition from the one to the other is a gradual one, The simple 
fact, so easily observed in this species, is found also to hold for others, and its 
importance will be brought out more prominently on a later page (p. 535), 
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Results from study of L. Selago. L. 

The chief facts regarding the development of the sporangium in L, Selago may be 
summarised as follows :— 

1* The sporangium originates at the base of the sporophyll, as a transversely 
extended cushion, consisting of many cells, arranged without strict regularity. 

2. The arcbesporium consists of one row of hypodermal cells, six or more in 
number, which give rise to the whole of the sporogenous mass. 

3. The tapetum is derived partly from the primitive wall of the sporangium (from 
the innermost of the three layers resulting from its division), partly from the cells 
which lie directly below the archesporium. 

4. The pad of tissue below the archesporium grows into a convex mass, which 
projects so as to give a curved form to the sporogenous tissue; this is however less 
marked than in some other species. 

5. The stalk of the sporangium is narrow, consisting at first of three rows of cells 
as seen in radial section; these subsequently increase .by division to five, six, or 
seven. 

6. The plant shows successive sterile and fertile zones, and there is no sharp limit 
between the fertile strobilus, and the sterile, or vegetative part; about their limits 
arrested sporangia are to be found in the axils of the leaves. 

L. phlegmaria. L. 

Certain other species of Lycopodium which have been examined show a near 
approach to L . Selago in the characters, both mature and developmental, of the 
sporangium ; of those we may take, first L . phlegmaria , and it is somewhat remarkable 
that the similarity should exist in species which in habit and habitat are so different 
as these two species are. The general form of the sporangium and its relation to 
other parts of the strobilus are shown in figs. 92, g t h , i ; it will be noted that the 
similarity to L, Selago is most pronounced in the radial sections (figs. 92, d , g ); 
in the tangential section the sporangium of L. phlegmaria is much more curved, and 
the stalk much narrower than in L . Selago (figs. 92, e, h) ; this character is well seen 
from the earliest stages of development (fig. 50), which also shows tbat the archesporium 
is referable in this species to not more than four, and probably even to two cells, 
while the stalk is also referable to the division of two cell-rows. 

- L. nummularifolium. Blume. 

There is an obvious similarity between the strobili of this species and of 
L, phlegmaria. Examination of sections of the sporangia shows close similarity of 
details, so that there is no call for a special description; it may, however, be 
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remarked, that occasionally extra periclinal divisions take place in the wall of the 
sporangium, thus increasing the mass of tissue composing it. Such divisions are 
occasionally seen in L. Selcogo, but are a characteristic feature in L. dichotomum (see 
below). 

L. carinatum. Desv. 

A form of the sporangium similar to that just described is found in L. carinatum, 
though in this species the actual size of the sporangium is much greater than in either of 
the preceding species. An examination of figs. 92, n , o,'p, will show the resemblance to 
L. phlegm aria, both in the form of the sporangium, and the proportionally delicate 
stalk, and also in the lax manner in which the young sporangium is protected 
externally by the axis and sporophylls; all these peculiarities are thus shared by the 
four species which accordingly form a natural group as regards this character, hi 
fig. 51 is shown a transverse section of the sporangium of L. carinatum , cut so as to 
traverse the sub-archesporial pad (s.p.) at a point immediately above the insertion of 
the stalk ; this was drawn for purposes of comparison, and will he referred to later 
on. The shaded portions represent the sporogenous tissue. Specimens of this, and 
of the two preceding species, were kindly sent to me from Buitonssorg, by Dr. TitEUJB. 

Lycopodium dichotomum. Jacq. (= L. mandmaannm . IIaddj.) 

Specimens of this species were supplied to me from the Botanic Garden of Brussels. 
These show the sporangium to be similar as regards form to those of L phhfjmaria 
and carinatum (fig. 92) though the stalk is somewhat more massive, and the sub- 
archesporiai pad is more largely developed. The obief interest, however, in the 
sporangia of this species lies in the fact that the wall of the sporangium is of unusual 
thickness. A detailed examination shows that the wall of the sporangium consists 
of some 4-7 layers of cells (figs. 52, 53) ; the number is not exactly defined, nor is the 
arrangement of the cells very regular; the outermost layer develops with thicker walls, 
as in other species; the innermost is the tapetum, while between these intervene 
several layers of thin-walled cells, which evidently have been increased in number by 
periclinal divisions (fig. 52). The development shows that this is the case, and that 
the difference between this and other species is due to additional periclinal divisions 
in the wall, and not to the contribution of tissues from the sporogenous mass to the 
tissues of the wall. 

The interest of this departure from the usual type of Lycopodium rests on com¬ 
parison with other forms; it will he shown later, that in " Brown’s Cone ” of Lepido- 
strobus the wall of the sporangium is more bulky and complex in structure than in 
other Lepidostrobi, or in most species of Lycopodium / it is generally known, also, 
that the wall of the sporangium of Ophioglossum is rather similar in structure to 
this, of L. dichotomum ; at present it will suffice to note these facts,'which will be 
dwelt upon more fully at a later page. But even in sporangia of L. Selago and 



OF SPORE-PRODUOING MEMBERS. 


517 


L. mini mulctr ifolburn a tendency towards this more bulky development of the wall is 
to be seen, especially near the base of the sporogenous mass; a comparison of 
figs. 40, 41, 49 of L. Selago shows that periclinal divisions have here and there 
increased the thickness of the wall to four layers in the lower part of the sporangium j 
we have but to imagine such divisions to extend upwards and to be more numerous, 
and the more complex wall of the sporangium as in L . dichotomum would be the 
result. 

In other respects the development and structure of the sporangia of this species do 
not present characters requiring special description. 

L. inundatum. L. 

We may pass on now to species in which the sporangium is, even from the initial 
steps, of a more bulky character than in the Selago type. L. inundatum may be 
taken as an intermediate example (figs. 92, Jg, l, m) ; here the stalk is shorter and 
more massive than that in the preceding species, while the form of the sporangium 
approaches more nearly to that of Phylloglossum. The details of protection of the 
sporangium while young by the other parts of the strobilus also resemble those of 
Phylloglossum , though the protection is even more complete than in that plant. 

Turning to the early stages of development it is seen that the sporangium originates 
as a more massive structure, showing a gentler and wider curve as it arises from the 
sporophyll. The sporogenous tissue appears here to be derived not from a single 
archesporial cell as seen in radial section, but two at least take part in its formation 
(fig. 54, shaded cells), while their relations are such as to show that the periclinal 
divisions, by which they were separated from the superficial cells, were formed 
independently in the two adjoining cells. Traces of this mode of origin may be 
seen in much later stages, and fig. 55 shows how the sporogenous tissue may still be 
recognized as composed of two parts, which are referable to the two initial arche¬ 
sporial cells. These sporangia have not been followed out into further detail. It 
may be mentioned, however, that seven or more initials are to be seen in the 
tangential section of a young sporangium. When the development of the sporangium 
in L. alpinnm and L. clavatum has been described it will be seen that L. inundatum 
occupies an intermediate position between the more massive type and that of L. Selago , 
both as regards the mature form and also in respect of the earlier stages of develop¬ 
ment of the sporangium. ' It will subsequently be shown also that this mode of origin 
of the sporangium in L. inundatum approaches more nearly to that in certain species 
of Selaginella than any others which have been examined. 

At the base of the strobilus of this species, where the gradual transition takes 
place from the sterile foliage leaf to the sporophyll, completely arrested sporangia are 
often found in the axils of the leaves. Passing upwards from these to the typical 
part of the strobilus a gradual passage to the typical sporangium may be traced (see 
p. 535). 
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L. clavcitum. L. 

The sporangium of this species is somewhat distinct from those which have already 
been described (figs. 92, t-x). Instead of the stalk being relatively thin, it is very 
short and massive in L. clamtum, while the sporogenous tissue forms a strongly- 
curved and rather less bulky zone, which fits immediately over the sub-archesporial 
pad ; this is here very massive, and, as seen in tangential section (fig. 92, ?*), projects 
far up into the sporangium : it has, moreover, this peculiarity, observed in no other 
species of Lycopodium , that its outline is distinctly convex in the radial section 
(fig. 92, t), and may even sometimes extend, as the spoi*angium becomes matured, 
into irregular processes, which project into the developing mass of spores ; in this wo 
probably see a means of more ready transfer of nutritive materials from the base of 
the sporangium into the very large mass of spores. This character will be found of 
value when we come to compare it with the sporangia of Lejpidodendron . 

The sporangia are exceedingly well protected during their early phases. This may 
be gathered from figs. 92, u, v, w } in which it will he seen that the loaves closely 
invest the sporangia on all sides; it is, moreover, to be remembered that these 
drawings are not made from the living specimen, but from such as have been treated 
with various hardening agents which would cause shrinkage; it is probable that in 
the living state the chinks between these would be still smaller than as shown in the 
drawings. So dose an investment is in broad contrast to the insufficient protection 
of the sporangia in L, dichotomum , Selago, and other species. 

The sporangium of L. clwvatum has been the subject of developmental study by 
Sadebeck (Schenk’s ‘Handbuch,’ vol. 1, p, 313), who has figured various phases of 
its growth as seen in radial section; but tangential and transverse sections are not 
mentioned by him. In the interpretation of the radial sections he has obviously been 
influenced by Goebel’s paper (‘Bot. Zeit.’ 1880) so often referred to in this memoir; 
notwithstanding his working on a different species from Goebel, he still professes to 
a correspondence in results, so far that he refers the sporogenous tissue of L. dam-tum 
to a single hypodermal cell as seen in radial section. This account is widely divergent 
from the results which I have obtained, and verified by comparison of radial, tangential, 
and transverse sections of sporangia in various stages of development. The difference 
lies in the recognition of the limits of the archesporial tissue; now it is only by 
comparison of sections of sporangia of various ages cut in different directions that 
reliable views can be obtained on the recognition of the arohesporium; the mere 
distinctive qualities of the protoplasm and wall are not sufficiently defined in the 
earliest stages to make it possible to recognize the limits of the arohesporium with 
certainty by their means. If, however, a comparison be made between his drawings 
and those which illustrate the description which I am about to give, it will be seen 
that Sabebeok’s drawings of the cell-net were more reliable than his recognition of 
the arohesporium. 
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The sporangium, in this species, arises first as a broad flat growth on the surface of 
the sporophyll. A radial section through one which has just begun to undergo the 
characteristic cell-divisions shows hardly the slightest convexity of the surface (fig. 56); 
the part where the sporangium is to be formed is occupied by regularly arranged 
superficial cells, rather deeper than they are wide; in these, periclinal divisions begin 
to appear, of which but one is seen in fig. 56; but in fig. 57 two such divisions are 
already complete, and in a slightly older sporangium, shown in fig. 58, there are three. 
This is, in fact, the common number of such divisions in the young sporangium as seen 
in radial section, and a comparison of a large number of sections, both at these early 
stages, and also older, leads clearly to the conclusion that the sporogenous tissue is 
not referable in its origin to one cell as seen in radial section, but usually to three. 
A careful comparison of figs. 56, 57, 58 clearly shows that the periclinal divisions 
appear independently in the three superficial cells. The outer cells thus defined form 
the wall of the sporangium ; they divide first anticlinally, as the sporangium gradually 
enlarges (fig. 58), then also by periclinal walls (fig. 59), while the inner layer thus 
produced again divides periclinally (fig. 60); the result is as in L. Selago, &c., and the 
three resulting layers develop further in virtually the same way. The three inner 
cells (fig. 58), undergoing repeated divisions, together form the sporogenous mass 
(fig. 59, shaded), and it is often possible, even in radial sections of advanced stages of 
development, to distinguish these cell-groups, resulting from the division of the three 
parent cells. It is to be noted that these cell-groups are of unequal size, the smallest 
being usually that most remote from the stem (compare figs. 58, 59, 60). The sub- 
archesporial tissue is rather irregular in its further development; sometimes the limit 
between it and the sporogenous tissue is even and regular (fig. 59); it often becomes 
convex as maturity approaches (fig. 92, t), but it is not unfrequently very irregular, 
as is the case in fig. 60, where there are sharp angles in the line of limitation of the 
sporogenous tissue, these angles coinciding with the limits of the masses of tissue 
derived from the three parent cells. In some sporangia this tissue even grows 
upwards as projecting teeth, which, as the sporogenous cells separate from one another 
and become rounded off, force them aside, and proceed a considerable distance into the 
mass. This point is of interest for comparison, with Lepidostrobus (see below, p. 526). 

Returning to early phases again, abnormal cell-divisions are occasionally met with; 
these are not to be ascribed to oblique cutting of the sections, for the presence of a 
continuous vascular strand has in each case been taken as a criterion of the section 
being truly in the radial plane. In such sections it may occasionally be seen that the 
superficial cells divide again, very early, by periclinal walls; the inner cells thus 
formed (c, o, figs. 61, 62) are believed to be added to the sporogenous tissue, hut 
this has not been distinctly proved. In view of the fact that such additions to the 
sporogenous tissue are constant in Equisetum , as above described, there can be no 
d priori objection to this view, which will also gain further strength from facts to be 
described in the case of Isoetes. 
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Neither Goebel nor Sadebeok gives details of tangential sections ; both leave the 
question open as to the number of cells of which the archesporium is composed, or, 
indeed, whether all may not be referable to a single parent. Sadebeok (note, loc. cit., 
p. 313) remarks that this question is unimportant; to this view I cannot agroe. 

' Tangential sections of sporophylls of about the same age as that shown in iig. 5G 
solve the question at once (fig. 63); here the same regularly disposed superficial cells 
are found, as have been noted in the radial sections; some of these have already 
divided by periclinal walls, others are still undivided. It is plain irom such a case as 
this that a large number of parent cells divide thus to form the internal archespovium 
and external cells of the wall, and in fig. 63 the number appears to be at least twelve. 
In fig. 64 the archesporium is clearly defined, while the cells of it have already under¬ 
gone further divisions, and the whole sporogenous mass is beginning to assume the 
characteristic form already noted. The cells of the wall have not yet begun to divide 
in a periclinal manner, but in fig. 65 a still more advanced stage is shown, and a 
comparison of this with fig. 60 will be found to agree in essential points, though the 
latter was taken from a slightly older sporangium. 

The tangential sections show from the first that the lower limit of the archesporium 
is not a regular line; as the sporogenous tissue grows older the limit becomes more 
irregular, owing to the frequent growth upwards of the sub-avcliesporial tissue, which 
extends as more or less projecting processes between the sporogenous cells; these 
processes are irregular both in occurrence and form. Fig. 66 shows one of those in a 
sporangium in which the spore-mother-cells have not yet separated, or divided into 
tetrads; while in fig. 67 a later stage is seen, after the tetrad division; the cells of 
the processes are thus beginning to be disorganized, their function as purveyors of 
nourishment being almost complete. These figures will supply material for interesting 
comparisons with similar developments in certain specimens of Lepidostrobus and in 
Isoetes (see p. 526, 532). 

Turning now to transverse sections, we shall seek in them for some corroboration of 
the results acquired from study of the radial and tangential. It is to be remembered, 
however, that the sporangium is a curved body, and, accordingly, that if the central 
part of the sporangium be cut in a tangential plane, the parts right and left of it will 
necessarily be cut obliquely. 

That the sporangium is a broad and massive structure is borne out by a superficial 
section, such as that shown in fig. 68, which exhibits the external cell-net. A 
section of a similar sporangium at a lower level will traverse the sporogenous tissue, 
as in fig, 69, and if we imagine this cut in a plane (x, as), the result would be nearly 
similar to that shown in fig. 58, the heavier lines in both cases indicating the limits 
of the original archespori&l cells, Again, at a later stage, the sporogenous tissue is 
shown in fig. 70 ;■ the, drawing here stops short at the median plane, and it is not 
difficult to see how this will coincide in all essential points with what is seen in 
radial section in fig. 59* It will be unnecessary to pursue these comparisons further 
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into detail, the figures should sufficiently explain themselves to those who are 
accustomed to such comparisons. 

The strobilus of L. clavatum is clearly defined from the vegetative region • it is 
borne on a long, upright stalk, which is covered by small, closely-appressed leaves. 
If sections of the base of the strobilus be examined, imperfect sporangia may 
frequently be found attached to the lower leaves, and corresponding in position, 
though not in ultimate development, to normal sporangia. Similar imperfect spo¬ 
rangia also occur at the upper limib of the strobilus, while the uppermost leaves are 
completely sterile. 


Comparison of details of sporangial development in L. clavatum, and other 
species, especially L. Selago. 

1. The sporangium is similar in position and in general form to that of L. Selago , 
but its body is more strongly curved. 

2. The archesporium here consists of three rows of cells, each row being composed 
of a large number (about 12) of cells; thus the extent of the archesporium is much 
greater than in L. Selago: occasional additions to it seem to be made by cells cut off 
periclinally from the superficial cell at an early stage. 

3. The tapetum is similar in origin to that in L. Selago. 

4. The sub-archesporial pad is much more developed, and is at times extended 
as processes of tissue which penetrate the sporogenous mass for a short distance. 

5. The stalk of the sporangium is much thicker and shorter than in L, Selago. 

6. Arrested sporangia are frequently present, and may be found either at the base 
or the apex of the strobilus. 

6. L. inundatum may be looked upon as an intermediate link between the type of 
sporangium of L. Selago and that of L. clavatum, both as regards form of the 
sporangium and complexity of the archesporium. 


L. alpinum. L. 

This species shows great similarity to L. clavatum, both as regards the form of the 
sporangium and the very complete protection of it while young by the adjoining 
Sporophylls (figs. 92, g, r, s ); but the stalk of the sporangium is not quite so short, 
nor is the sporogenous part so strongly curved, while the sub-archesporial pad does 
not project so convexly, as seen in the radial section (fig. g). 

The sporangium here qlso originates as a very broad outgrowth, extending from the 
first over numerous cells of the radial section (figs. 71 and 72). At least three cells 
in each radial section are involved in the origin of the archesporium (figs, 73, 74), but 
the position of the successive divisions does not appear to be strictly fixed, so that it 
is difficult to recognize the limits of the archesporium in very early stages such as 
MDCCCXCIV.—B, 3 X 
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those in figs. 71 and 72. Occasionally here also further peridinal divisions appear in 
the superficial cells, by which subsequent additions may be made in the urchesporial 
tissues, as in Equisetum. The cells marked (x) in fig. 74 are believed to be thus 
added on to the archesporium ; this is, however, unusual. 

The further development proceeds in essential points as in L. clamtum , and it 
would hardly have been necessary to illustrate it by fig. 75, had it not been that the 
vascular bundle showed, in the one case figured, a slight extension upwards toward 
the sporangium. I do not wish to make more of this than tho facts warrant, but the 
drawing is a faithful representation of what was seen in this exceptional case. It is 
a matter for remark that these sporangia of Lycopodium , though they are of so con¬ 
siderable size, have no vascular supply; in the whole genus this one case is the only 
trace I have seen of any extension of the vascular system in the direction of the 
sporangium. 

Tangential sections show that the number of archesporial cells is largo; and 
fig. 76, which is at a phase of development intermediate between those of figs. 63 and 
64 of L. clavatum , shows very beautifully that the number of these is twelve. The 
limit of the sub-archesporial pad often becomes irregular as the development 
proceeds; even in an early condition (fig. 76) it is far from being a straight line, hut 
it becomes more irregular with age (fig. 77), the colls of this sterile tissue forcing 
their way upwards into the sporogenous tissue, and occasionally forming multicellular 
processes. The development of it, however, is not carried to so great an extent as has 
been already noted in L, clavatum. 

Beyond the facts now described, the structure of the sporangium of L. alp mum 
calls for no further remark; it is obviously similar, in its main aspects, to that of 
L. clavatum, notwithstanding the rather marked difference of external appearance of 
the two species. 

Abortive sporangia are commonly found in this species, both at the upper and lower 
limits of the strobilus; they show, perhaps better than in any other species, the 
gradual steps of transition from the fully mature to the completely abortive condition. 


Selaginella. 

In the species of Selaginella which have been examined similar abortive sporangia 
are found at the base of the strobilus; the larger the number of examples of this that 
are disclosed, the more important does it become that some adequate explanation 
of the phenomenon should be given. (See below, p. 535.) 

Turning to the development of the normal sporangia in Selaginella, the most exact 
account hitherto given is that by Goebel (< Bot. Zeit,,’ 1881, p. 697, &c,): he remarks 
on the difficulty of following the details of segmentation, owing to the small size of 
Hs ' this may account for the divergence of my results from those of Goebel, 
bn$uhl take one cautious in making definite statements on minute details, 



OF SPORE-PRODUCING MEMBERS. 


523 


As regards the position of the sporangium of Selaginella, I am able to endorse 
Goebel s statement ( loo . cit ., p. 697) as to the position of the sporangium in S. spinosa, 
P. B. (= S. spinulosa, A. Br. = S. selaginoides, Link): it originates from a group of 
cells of the axis which lie at the axil of the sporophyll (figs. 80-86), and immediately 
above those which give rise to the leaf itself. In S. Martensii, however (fig. 78), 
I find the sporangium to originate on the axis, distinctly above the sporophyll. The 
mere fact that there is variety within the genus in this much discussed and greatly 
overrated character, should show sufficiently that, however interesting its morpho¬ 
logical bearings may be, it is not a point of much systematic importance. 

The sporangium of S. spinosa is eusporangiate, arising from a number of cells, as 
seen in radial section; it is possible, however, that these may all be ultimately 
referable in origin to a single cell (compare figs. 80, 81, 82). The young sporangium 
may thus be recognized in the radial section as consisting of three cells, which early 
undergo periclinal divisions to form three cell-rows (figs. 80, 82); these may occa¬ 
sionally show anticlinal divisions also (figs. 81, 83). Goebel now describes how 
the middle row of cells grows more strongly than the peripheral ones, while the 
hypodermal cell of this series forms the archesporium ; # thus, according to his 
description, the sporogenous tissue in any radial section is referable to the sub¬ 
division of a single cell. I do not deny that this may sometimes be the case, but I 
have not been able to prove to my own satisfaction that it ever is so. 

From many specimens which I have seen I find little evidence of the early pre¬ 
ponderating growth of the middle row ; it appears rather that the three rows grow 
about equally, while sporogenous tissue originates from at least two of the rows of 
cells above noted; for instance, in fig. 83, a continuous wall (x, x) divides the 
sporangium into almost equal halves ; it is believed that both the cells shaded, 
though derived from different cell-rows, are archesporial cells; a comparison of 
drawings of sporangia in older states shows that a continuous wall, occupying an 
almost median position in the sporangium, is not uncommon (figs. 84, 87, walls 
marked as), and it is believed to correspond to the wall similarly marked in the 
younger sporangia (figs. 80, 82). If this be so, then, in figs. 83 to 87, the shaded 
mass of cells must have been derived from at least two of the rows of cells of the 
younger sporangium. 

For confirmation of this result radial sections were also cut from S. Martensii, 
which species illustrates this point very clearly. The sporangium originates here 
from the axis, distinctly above the subtending leaf (fig. 78), as an outgrowth of at 
least two cells as seen in radial section; the wall dividing them occupies from the 
first a median position, and divides the sporangium into two equal halves; in this 
case a comparison of figs. 78 and 79 can leave little doubt that two cell-rows are 
involved in the formation of the archesporium. 

It may be noted at once that a similar state of things is seen in Lycopodium 
* Loc. cit,, p. 698, and Schenk’b ‘ Handbuch.,’ Ill; p. 388. 

3x2 



524 


PROFESSOR F. 0. JJOWMH ON TIJK MORPHOLOGY 


inundatwm (compare figs. 54, 55), and that, as regards the origin of the sporangium, 
Sdagindla seems to correspond more nearly to that speeios than to any othor 
Lycopodium which has been examined. 

Tangential sections of sporangia corresponding in age to those shown in figs. 84 -8G, 
demonstrate a similar fan-like tracery to that seen in the sporangia ot Lycopodium. I 
have not been able to define exactly the number of primary archesporial cells, owing 
to the great difficulty of obtaining exact tangential sections of very young 
sporangia I believe, however, that the number is not less than three or four 
(fig. 88). 

The further differentiation of the sporogenous tissue and of the tapotmn may now be 
discussed. Goebel states (loc, cit., p. 698) that the part of the tapetum which 
adjoins the outer wall is separated off from the archesporium, as distinguished 
from that of Lycopodium , which is derived from the cells of the wall. Though 
certainly a large part of the tapetum is so derived, I am not prepared to admit that 
this is its exclusive source, and find myself unable to endorse the account of the details 
as given by Goebel. Taking first S. Martensii , it will be noted that the two super¬ 
ficial cells of the sporangium in fig. 78 are relatively deep ; in fig. 70, which represents 
an older sporangium, they are relatively shallow, the cells immediately below them 
(?’, i) would, according to Goebel’s description, be derived by division from the internal, 
not from the external cells, but the position of the walls, together with the less depth 
of the superficial cells in the older specimen, seem to indicate that they originate 
from division of the superficial cells. I venture to think that Goebels own 
fig. 14 (‘Bot. Zeit,,’ 1881, Plate 6) is quite open to the same interpretation, and that 
the cell marked ( t ) is the result of division from the next outer, and not from the next 
inner cell. An examination of numerous sections of sporangia of S. npinosa also 
strengthens the view that, at times, early periclinal division of the superficial cells 
may contribute to the internal tissue of the sporangium, though I have not found this 
point so clearly demonstrated in this species as in S. Martemii. My conclusion is, 
that the first periclinal division does not constantly define the archesporium, and thus 
separate the internal mass of the sporangium from the sporangial wall, but that, as 
observed with constancy in Equisetum , and occasionally in other plants (L. davatum 
and alpinum ), by periclinal divisions of the superficial colls additions may be subse* 
quently made to the archesporium, hut these additions are not constant. 

Whatever may be the actual facts on the above point, there can be no doubt that 
after the archesporium has grown and undergone further segmentation, periclinal 
divisions take place in the peripheral cells of the resulting mass of tissue, these 
divisions separate off the tapetum from the sporogenous cells (figs. 87, 88, 89). Thus, 
as Goebel has already pointed out (loc. cit., p, 698) the tapetum of Sdagindla differs 
in its mode of origin from that of Lycopodium , but when we look back to the earlier 
phases, and recognise the periclinal divisions discussed in the preceding paragraph, 
the distinction of the two types appears to be not so deep a one as he described. 
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I lie hu fchei facts of differentiation of the sporangia, as mega- and micro-sporangia, 
are well known ; but there is, I believe, no published figure of the early stage of 
differentiation of the megaspore-mother-cell from the rest; this is shown in fig. 91, 
as having undergone tetrad-division, and beginning to enlarge, while the other cells 
of the sporogenous mass remain undivided, lose their highly refractive contents, and 
become disorganized. It is hardly necessary to remark that here is a further 
example of a partial sterilization of the potential sporogenous tissue, and the tapetum 
of Selaginella is also another, since, though it is derived by segmentation from the 
sporogenous mass, its cells take no direct part in the formation of spores. 

Summary of Results from Selaginella. 

1. The sporangium is eusporangiate, and arises from the tissue of the axis, above 
the subtending leaf; the position varies in different species. 

2. The origin of the sporangium is similar to that of Lycopodium, and especially 
resembles L. inundatum , to which species the mature sporangium also is similar in 
form. 

3. Two primary archesporial cells are usually present in each radial section, and 
those are derived, as in L. inundatum , from segmentation of two distinct cell-rows ; 
as soon in tangential section, the archesporium is referable to three or four such 
cell-rows. 

4. The first poriclinul divisions in these cell-rows do not always define the 
archesporium finally; subsequent periclinal divisions may result in addition to the 
central mass, as has been proved for Equisetum ; but here the addition is less regular. 

5. The tapetum results from tangential division of the outermost cells of the 
central mass; the greater part of it originates as described by Goebel. 

6. The tapetum is thus a- sterilized part of the potential sporogenous tissue; a 
further example of sterilization is seen in the megasporangium, where all the 
sporogenous cells are disorganized, excepting the one mother-cell of the megaspores. 

7. Abortive sporangia are to be found at the base of the strobilus as in many 
species of Lycopodium. 


Lepidodendron. 

The general characters of the sporangium in Lepidodendron are well known by the 
observations of R Brown, Sir Joseph Hooker, Williamson, and others; a concise 
statement of their results will be found in Solms-Latjbach’s ‘Fossil Botany 7 (Engl. 
Ed., p. 232, &c.). It is to be noted, however, that the comparison with the sporangia 
of living forms has been limited, partly perhaps owing to the incomplete knowledge 
of the sporangia of modern Lycopods. The facts which have been collected and 
described in the preceding pages make it possible to draw the comparisons closer. 
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while observation will, at the same time, be more carefully directed to points of 
detail which have hitherto received but slight attention. 

The magnificent silioified cones in the British Museum have supplied the most 
important material. 1 take this opportunity of thanking the Keeper of the Botanical 
Department, not only for giving the free use of the specimens, but for readily 
agreeing to my suggestions for cutting new sections of parts of these raro loasils, 


Lepidostrobus Brownii , Sciipk. 

The large specimen of this species purchased for the British Museum in 184B, is 
the best preserved which I have seen, probably the best that is known to science. 
It is possible in microscopic sections of the cone to study its parts with the same 
detail as those of a modern Lycopod, while, since the sections in the British Museum 
are cut in all three directions, transverse, radial, and tangential, a very satisfactory 
knowledge of the structure both of the axis and sporophylls, and also of the 
sporangia, may be acquired. The radial and transverse sections wore made for 
B. Brown, and his account of them will be found in the Linnean Transactions (vol. 
20, p. 469, Plates 23 and 24). It is remarkable how little attention has boon paid to 
this memoir, and to the fossil to which it relates ; even Solmb~La ubaoji dismisses it 
with few words, and with the quotation of two figures which do it but scant justice 
(‘ Fossil Botany/ Engl. Ed., p. 238, and figs. 25 a and 25 b). 

The structure of the axis is not our subject here; I have given a description of 
certain details of it elsewhere (‘Annals of Botany/ 1893); wo aro more nearly con¬ 
cerned with the sporophylls and sporangia. These aro of great size; each sporangium, 
when mature, being over half an inch in length, more than three-sixteenths in width, 
and almost of equal depth. The sporangia are so placed that the longer axis runs in 
a radial direction; each is closely applied to the upper surface of the sporopliyll 
throughout the greater part of its length, while the basal portion of the sporopliyll is 
elongated so as to accommodate the large sporangium (compare B. Brown'b PI. 23, 
B, 0, PI. 24, B). I have not been able to observe any structure comparable to tho 
ligule in tbis fossil. 

The sporangia are filled with very numerous microspores, which were described and 
figured by B. Brown, Turning to the wall of the sporangium, B. Brown remarks 
(p, 471), that it “appears to be double; the outer layer being densely cellular and 
-opaque, the inner less dense, oi a lighter colour, and formed of cells but slightly 
elongated. ’ A detailed examination of the sections shows that the wall consists of 
several layers of cells (fig. 93), of which the outermost consists of closely disposed pris¬ 
matic cells, the walls of which were apparently much thickened; within tins is a 
broad band of cells, consisting of four or more layers, with thin walls, and irregular, 
kit compressed form; this wall is lined internally by an ill-defined band, which 
possibly’represents the remains of the tapetum, and it directly adjoins the spores. 
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The interest of this rather complex structure depends upon comparison; among the 
various species of Lycopodium which have b.een examined, there are usually three 
layers of the wall, of which the innermost is the tapetum; hut L. dichotomum is an 
exception, and it has been shown that in this species the wall is constructed in a 
maimer very like that now described for Lepidostrobus Brownii , though the details 
of the outer layer are rather different. Again, a similar structure of the sporangial 
wall is found in the Ophioglossacece , a point noted by R. Brown (loc. cit. } p. 471). 

One of the most remarkable features in these sporangia is the existence of irregular* 
processes which spring upwards from the floor of the sporangium, where it adjoins the 
sporophyll, and project a considerable distance into the cavity: they were noted 
loc. cit.f p. 471), and figured (Plate 24, fig. B), by R. Brown, but appear to have 
entirely escaped the notice of subsequent writers. They are not scattered indis¬ 
criminately over the floor of the sporangium, but arise from a projecting ridge, which 
lies immediately above the single vascular bundle of the sporophyll, and follows its 
course almost the whole length of the sporangium ; in transverse sections this ridge 
may be seen (fig. 94), but it is in tangential sections that it will be best recognized 
(figs. 95, 96), together with the processes of tissue which‘arise from it and radiate 
upwards into the cavity : it is obvious that the ridge corresponds to the mass of tissue 
which lias been styled the “sub-archesporial pad” in describing the Bporangia of Lyco¬ 
podium, These process which thus arise from the sub-archesporial pad are irregular 
in outline and position; they consist of a parenchymatous tissue, which is directly 
continuous with the base of the sporangium (figs. 97, 98); the cellular structure, 
however, cannot always be recognized in the ultimate endings of the process, where 
they appear to have undergone considerable disorganization. 

The question now presents itself, What is the real nature of these processes % Are 
they, comparable to the trabeculae of Isoctes , which are the result of partial sterilization 
of a potential archesporium, or are they merely outgrowths from the subarchesporial 
pad, such as those already described in certain species of Lycopodium? (compare 
L. clavatum , figs. 66 and 67; and L. alpinum, fig. 77). This question can only be 
decisively answered by observations of development, which can hardly be expected in 
fossils; there are, however, facts bearing on the point which may be acquired from 
the apical parts of this remarkable cone; it will be seen that in fig. 95, as the apex is 
approached, the sporangia are successively smaller; those close to the apex have been 
arrested in their growth, and appeal 4 to contain no spores; the cavity of the 
sporangium is, however, traversed by cellular processes, rising from the base, and 
extending upwards (figs. 99, 100); apparently these bands of sterile tissue extended 
to the upper wall of the sporangium, but I have been unable to establish beyond 
doubt the fact of a tissue-connection between them and the wall; had that been 
shown to exist, the correspondence between these and the sterile trabeculae of Isoctes 
would have been demonstrated, and, from the appearance of some of the sections, I 
am inclined to the belief that this is their real nature; in the absence of such proof it 
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may be held as a possible alternative view, that they are merely upgrowths of the sub- 
archesporial pad, like those in certain species of Lycopodium , but on a larger scale, 
and that those upgrowths are specially large in tho abortive sporangia *, but L think 
the former view the more probable. 

The second specimen of X. Brownii, from Schimper’s collection, and now in the 
British Museum, has been figured by Scjhimper (‘ Traito,’ Plate LXIL, figs. 13,14). T 
have to thank the Keeper of the Botanical Department of the Natural History Museum 
for having this classical fossil cut in tangential section ; the result is to demonstrate tho 
presence of sterile trabeculae similar to those seen in Brown’s cone (fig. 102). From 
the enlarged subarchesporial pad processes of sterile tissue may be seen to arise, and 
project far into the sporogenous mass; but no evidence is to be found of tho con¬ 
tinuation of the trabeculae outwards to the sporangial wall; it is, however, to ho 
noted in this connection that the cone is not so well preserved as Brown’s cone, and 
it does not include the apex. 

It will be obvious, on comparison of Benault’s figures of X. rouvilki (‘Hours de 
Bot. Foss.,’ II., Plate 7, fig. 11), that M. Renault has observed in that species 
characters similar to those above* described. 

The presence of these sterile masses, whether they be true tmbeoulm, or merely 
upgrowths of the subarchesporial pad, has its physiological interest. The sporangium 
is an unusually large one, and the spore-producing mass very bulky; the difficulties 
of supply of nourishment to so large a mass are obvious, and would bo greatly 
diminished by processes of sterile tissue, such as these, extending far into tho mass. 
It is further to be noted that they are inserted near to tho vascular bundle of the 
sporophyll, and radiate from it; there can be little doubt that their function is the 
ready conveyance of nutrition to the developing mass of spores. Whether we can 
regard them as also performing a mechanical function, in supporting tho roof of tho 
sporangium*in early stages, depends upon the question of the tissue connection, which 
I have been unable to decide. 

Lastly, a formal comparison may be drawn between the sporangium of Lycopodium 
and that of Lepidodendron ; at first sight the correspondence does not seem a close 
one. Comparing the tangential sections, it will be seen that fig. 96 of Lepidodendron 
is not unlike fig. 92r of X. alpinum , as regards the form of the sporangium, its rela¬ 
tion to the sporophyll, and the subarchesporial pad, with its irregular upward pro¬ 
jections. The radial and transverse sections, however, differ greatly, for tho sporangium 
of Lepidodendron is extended radially, while that of Lycopodium is radially compressed; 
hut, after all, this is only a difference on a larger scale, though similar in kind to that 
already observed between the different living species of Lycopodium; I have shown 
that in some species (e.g., L. Sdago) the archesporium is represented in radial section 
by a single cell, while in others (e.g., X. alpinum or X. clamtum) it is represented 
usually by three. Why should the limit be three ? Why not thirty-three ? 

Brobably some such extravagant extension of the archesporium in a radial direction 
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existed in Lepidodendron, and its sporangium appears to be of the ordinary Lycopo- 
dinous type, but extended greatly in a radial direction, the result being a much 
greater possible production of spores, accompanied by risks for their proper nourish¬ 
ment, while there are special developments to meet those risks, and to provide for the 
nutrition of the developing spores. 

Other Lepidodendra. 

It has long been recognized that all Lepidostrobi do not correspond in the details 
of their sporangia; there is a type distinct from L. Brownii , which has already been 
figured and described by Williamson (Memoir III, ‘Phil. Trans./ vol. 162, 1872, 
p. 28, Plate 12, figs. 24, 25). This type appears also to be that which chiefly engaged 
the attention of Sir J. Hooker in his memoir in the publications of the Geological 
Survey of Great Britain, vol. 11, p. 440. Sporophylls with their sporangia similar to 
those figured by these authors are shown as cut in tangential section in fig. 101, 
which is photographed from a specimen of my own, from Hough Hill, Stalybridge, 
supplied by Mr. Lomax. I find the details to correspond to Professor Williamson's 
description (p. 295) ; the wall of the sporangium consists for the most part of only a 
single layer of hard, prismatic cells, and is, thus, simple in structure as compared 
with the relatively thick, wall of L. Brownii. The sub-archesporial pad projects only 
very slightly into the cavity of the sporangium, but from it arises, usually in a median 
position, a dark line, readily seen in the photograph, and represented in Williamson's 
figs. 23, 24, 25. Sometimes there is evidence of its bifurcating at the middle of the 
sporangium, whilo in other cases it appears of less regular form and position. Minute 
examination of the upper part of it does not disclose any definite cell-structure. 
Comparison with the mature microsporangia of Isoetes makes it almost certain that it 
represents a process of sterile tissue, for in the mature microsporangia of that plant 
the trabeculso, which are of cellular construction, become so shrivelled that the 
individual cells are unrecognizable, the result being closely similar to what is seen in 
sporangia of Lepidostrobus; moreover, an examination of the base of the dark 
processes in Lepidostrobus shows, at times, evidence of distinct cells (fig. 102). 
These processes thus appear to correspond essentially to those already described in 
L. Brownii , though they are less numerous as seen in tangential section, In a trans¬ 
verse section of the strobilus, thus traversing the whole length of the sporangium, the 
brown line appears sometimes as a single continuous plate (compare Williamson's 
Plate 44, fig. 23), occupying the median plane in each sporangium. Williamson 
describes each as being “coextensive with the entire length of the sporangium.'' In 
a transverse section of Lepidostrobus , from Hough Hill, Stalybridge, supplied to me 
by Mr. Lomax, I find the median plate very much as described by Williamson, 
though not extending the whole length of the sporangium (fig. 132). In another 
transverse section of Lepidostrobus , also supplied to me by Mr. Lo ma x, from Dules- 
gate, I find two such brown lines, which run almost parallel for a considerable distance, 
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while a third less continuous line is seen to run, for a short distance in a position 
between them (fig. 133). Thus we see that in different specimens of Lepidodendron 
these processes are of variable form, being peg-like upgrowths, or trabeculae in 
L. Brownii, while in those last described they take the form of continuous plates. 
The resemblance of these plates to partial septa cannot be overlooked, and this 
inconstancy of character is a fact which will have its bearing on our general argument. 

The question whether these processes are to be looked upon as sub-archesporial in 
origin, or as the result of a partial sterilization of the archesporium itself must here 
also remain uncertain, in default of developmental data, which are necessary for 
deciding such a question. I think, however, that comparisons, on the one hand with 
L. Brownii , and on the other with Isoetes, justify the conclusion that in these simpler 
sporangia of Lepidodendron, also, the brown lines represent sterile tissue, which in 
the course of development of the spores has become disorganized, and the cells 
shrivelled out of shape. 

Summamj of Results from Lepidodendron, 

1. The general arrangement of parts of the strobilus of Lepidodendron corresponds 
to that of Lycopodium. 

2. The sporangium is greatly extended in a radial direction, and is to bo looked 
upon as an extreme case of that radial widening of the sporangium which is seen in 
much less degree in L. olavatum or L. alpinum . 

3. There are two types of sporangia of Lepidodendron: (a) that of L. Brow?iii in 
which the sporangial wall is several layers of cells in thickness, and the cavity 
traversed by rod-like masses of sterile tissue (trabeculse); (b) those in which the wall 
consists of a single layer when mature, and the cavity traversed by one or more 
irregular plates of sterile tissue. 

4. These sterile trabeculse, or plates, arise from the sub-archesporial pad, and from 
early states of development seen in L. Brownii it seems probable that they are similar 
in their origin to the trabeculse of Isoetes , but this has not been proved. 

5. The physiological importance of these sterile processes projecting into the cavity 
of the sporangium is probably to forward supplies of nourishment more readily from 
the vascular bundle, above which they spring, to the mass of developing spores; they 
may also have served a mechanical purpose. 

Isoetes Laoustris, L. 

The genus Isoetes presents points of special interest in connection with the investi¬ 
gation upon which we are engaged. Though the development of the sporangia has 
been most carefully and successfully wrought out by Professor Goebel (‘ Bot, Ze it,/ 
stiH there are certain details to be added, which are the outcome of my 
of his results. 
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Before describing these, a few preliminary remarks will not be out of place. The 
question of the systematic position of Isoetes has recently been re-opened by Professor 
Yines (‘Annals of Botany/ vol. 2, p. 117), and on various comparative grounds he 
holds that Isoetes should be included in the Filicinese, having more special affinities 
with the Eusporangiate Ferns. He still admits, however,that “there is someaf&nity 
between Isoetes and the Lycopodinse” ( loc . cit., p. 123). I think that the comparison 
with Lepidodendron, rather than with modern Lycopods, greatly strengthens the 
affinity with the Lycopodinae, more especially the comparison of their sporangia. I 
have already stated in the introductory pages of this memoir that I attach greater 
weight to the characters of the sporangium than to those of other parts of the 
sporophyte, and accordingly I am disposed to recognize a nearer affinity of Isoetes to 
the Lycopodinae than Professor Yines would do. The description of details now to 
be given will, I think, justify this view. 

The sporangium of Isoetes obviously corresponds in position to that of Lycopodium, 
though it differs from it in form. It arises from the upper surface of the sporophyll, 
at a point between the ligule and the base of the leaf. Goebel ascribes the sporan¬ 
gium to a group of cells, which extend, and divide by periclinal walls, and he continues, 
that according to his observations on Isoetes lacustris, it is usually the three upper¬ 
most layers of cells which give rise to the sporangium. For purposes of comparison 
with the Lycopodinae, it is desirable to trace the origin of the sporangium back to 
earlier phases than that where it consists of three layers of cells. The stage shown in 
fig. 104 will serve as our starting point; the superficial series of cells lying at the 
upper surface of the leaf, between the ligule (l), and the base, here represent the 
parent cells of the sporangial wall and of the archesporium ; the cell (Y.), which gives 
rise subsequently to the “ velum,” must, however, be excepted. These cells divide by 
periclinal walls, and also anticlinally, to form two layers; the outer contributes the 
wall of the sporangium, the inner is the archesporium (fig. 105, shaded). As in the 
case of other sporangia, so here also the question arises whether the first periclinal 
division of the superficial cells clearly and finally divides the wall from the arche¬ 
sporium, or whether further periclinal divisions in the former contribute additions to 
the latter. We have already seen that such additions are made with constancy in 
Equisetum, while occasional and irregular periclinal divisions appear also in young 
sporangia of Lycopodium and Selaginella. Goebel has noticed such divisions 
occurring in the sporangium of Isoetes (Schenk’s * Handbuch/ 3, p, 92), and 
remarks that this doubling of the layer of the wall is very common, though not so 
regular as in Lycopodium; evidently he regards it merely as a division of the wall of 
the sporangium into two layers. I also find periclinal division of superficial cells, after 
the first formation of the archesporium, to be not uncommon; it is to be noted, how¬ 
ever, that such divisions occur at very early stages in the development of the sporan¬ 
gium; their common occurrence then (figs. 106-108), and the much less common 
appearance of the doubling of the superficial layer of the wall at older stages (such as 
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that shown in fig. 109), make it seem probable that the inner cells thus produced are 
contributed to the sporogenous mass. It is difficult to bring forward definite proof 
on this point, since the occurrence of such divisions is less regular than in Lquisctum. 
A comparison of figs. 106—108, however, makes it appear extremely probable that the 
cells marked (X) in them are actually such additions to the sporogenous tissue, pro¬ 
ceeding from a second periclinal division of certain of the superficial cells. 

Be this as it may, the result of the segmentation is normally the formation of a 
superficial layer of cells forming the wall, while the subjacent cells, at first a simple 
row, become ag ain divided by both periclinal and anticlinal walls, so as to constitute 
a continuous band several layers of cells in thickness (compare fig. 1.05 with figs. 
106-108, and again with fig. 109). Below the archesporium a mass of tissue is found, 
intervening between it and the vascular bundle; as the sporangium grows this 
increases greatly in hulk, and forms the subarchesporial pad. It is to be noted that 
the sporangium does not extend the whole distance from the ligule to the base of the 
frond; the cell marked Y (fig. 104) develops into the velum which intervenes between 
the ligule and the sporangium; also towards the base of the sporangium, a greater 
or less interval of sterile tissue is present from the first (figs. 105-109). 

A comparison may now be drawn between the earliest stage of the sporangium of 
Isoetes (fig. 104) and that of Lycopodium ; in certain species of the latter it has been 
shown that the sporangium is referable in its origin to a single coil as seen in radial 
section, and that a single arehesporial cell is at a rather later stage disclosed in such 
sections (L. Selago , &c.), In another species ( L . inundatum) the sporogenous tissue is 
referable to two cells as seen in radial section, while in others (L. clamtnm and 
A. alpinum ) the radial section traverses three original parent cells, all of which con¬ 
tribute to the sporogenous tissue. In Isoetes lacustris the whole plant may be 
regarded as a strobilus; most of its leaves are sporophylls; when one of these is cut in 
radial section the position of the sporangium relatively to it is very similar to that of 
the corresponding parts in Lycopodium , but a larger number of ultimate parent cells 
take part in forming the sporangium, the number traversed by the radial section being 
about four or five; this difference is, however, in accordance with the hemispherical form 
of the mature sporangium. The result of the earlier segmentation is, as in iAjcopodium, 
the formation of a continuous sporogenous mass, protected by a simple outer wall. A 
comparison of figs. 104-106 of Isoetes. with figs. 56-58 of L, clavatum, and with 
figs. 72-74 of L. alpinum , will show how close is the similarity of first origin of the 
sporangia in these plants. 

- Qoebei, has already traced the differentiation of the potential archesporium of 
Isoetes to form, on the one hand the sterile trabeculae, and the tapetum, and, on the 
other, the megaspores or microspores. I may be excused for dwelling again upon tins 
poilt .since: it provides a most important link in the chain, of my argument, In 
archesporium of a, microsporangium is shown, of very consider¬ 
ate* undifferentiated; it enlarges further* and the cellp show further 
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divisions, the tissue meanwhile undergoing the differentiation described by Goebel 
(‘Bot. Zeit.,’ 1880, p. 5G5) to form the sterile trabecula; [tr.tr., fig. 110), and the 
fertile sporogenous masses (sp., fig. 110); a layer of cells adjoining the wall of the 
sporangium is meanwhile divided off, and may be recognized as the tapetum [t., 
fig. 110); this layer very soon divides periclinally into two. 

Similar results are naturally to be obtained from transverse sections (fig. Ill); in 
these the trabeculae are seen radiating, as it were, from the slightly convex, sub- 
archesporial pad, which intervenes between the sporogenous tissue and the vascular 
bundle of the sporophyll. This figure is added for purposes of comparison with 
Lycopodium , and, if we refer back to fig. 43 of L. Sclago or fig. 64 of L. clavatum, the 
closeness of the similarity between them will be sufficiently plain. The potential 
archesporium of Isoetes clearly corresponds to the curved sporogenous mass of Lyco - 
podium, the chief difference lying in the differentiation of the former into sterile 
trabeculae and sporogenous masses. In fact, if we imagine a heterosporous Lycopod 
with its sporangium widened out radially, and its enlarged sporogenous mass partly 
sterilized so as to form trabeculae, the result would be practically what is seen in 
Jsoetes lacustris. 

It is often wrongly assumed that the sporangia of Isoetes are actually partitioned, 
and some of the published drawings, if not corrected by description, support this 
error. The trabeculae are not partitions, but, as their name implies, rods of tissue 
which radiate upwards from the subarchesporial pad; they are frequently very 
irregular both in number and form; though, in our figs. 110 and 111, more regular 
examples have been chosen, the specimen drawn as fig. 112 will sufficiently show 
such irregular branchings as may occur, while the structure of them is displayed more 
in detail in fig. 113 ; here the spore-mother-cells have separated from one another and 
rounded off: the tissues forming the trabeculae have differentiated into a superficial 
tapetum, here shaded, and central parts which remain after the tapetum becomes dis¬ 
organized. As the sporangia approach maturity all that remains of the trabeculae 
is the shrivelled central part, from which, as the spores ripen, the cell contents are 
abstracted, so that even the cell-structure is difficult to make out (fig. 115). In this 
state a comparison may be made with what has already been seen in Lepidodendron; 
if fig. 115 of Isoetes be put side by side with fig. 102 of Lepidodendron , the similarity 
is excessively striking. I think the conclusion may fairly be drawn that the processes 
observed in the sporangium of Lepidodendron are essentially similar to the trabeculae 
of Isoetes , though we note differences of detail in their distribution in the two cases, 
and though we are not in a position to state that their development in Lepido¬ 
dendron is like that in Isoetes . 

When further the form of the sporangium in the two cases is compared, especially 
the large area and radial extension, it may be concluded that Lepidodendron presents 
characters of the sporangium more closely similar to those of Isoetes than does any one 
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of the living Lycopods ; tliis comparison materially strengthens the affinity of Jsocles 
with the Lycopodinse. 

The description above given relates both in Lepidodendron and in Isoetes to tho 
microsporangium; as regards the megasporangium of the latter plant, I have nothing 
material to add to the excellent description of Goebel, beyond saying that I am able 
to confirm his results; the differentiation of the potential arcbesporium into sterile 
trabeculae and fertile spore-mother-cells is clearly similar to that in the micro¬ 
sporangium. In both cases a partial sterilization of the potential archesporium is to 
be traced. 


Summary of Results from Study of Isoetes. 

(1.) The sporangium of Isoetes corresponds in position on the sporophyll to that of 
the Lycopods, in form it compares more nearly with Lepidodendvon. 

(2.) It originates from superficial cells of the basal part of the sporophyll, which 
divide periclinally and anticlinally, forming the superficial wall, and subjacent arche¬ 
sporium. 

(3.) Additions appear to be sometimes made to the sporogenous tissue by sub¬ 
sequent periclinal divisions of superficial cells, as in Equisetum, and occasionally in 
Selaginella and Lycopodium . 

(4.) The sporogenous tissue is later differentiated into sterile tvabeculm and spore- 
producing masses; the former are derived by sterilization of potential archesporial 
cells. 

(5.) The trabeculae resemble in structure and function those of Lepidostrobus 
Brovmii . 

Theoretical Consideration of the Results Acquired by Study of the 
Living Lycopods, Lepidodendron and Isoetes. 

We have now examined a considerable number of forms, living and fossil, which 
are more or less closely allied to one another, and may venture upon some theoretical 
conclusions which may he drawn from the study of them. It is, meanwhile, to he 
remembered that such organisms as these which have been studied are generally 
believed to represent very ancient types; this may be concluded both on comparative 
and on palaeontological grounds. 

It was assumed at the outset that, other things being equal, it is a distinct 
advantage to an organism to increase the number of spores produced; we may 
specially examine these plants from this point of view, and consider how they 
severally illustrate the balance of two conflicting factors, viz., (1) the advantage of 
increased spore-production, (2) the risk of damage, and the difficulty of nutrition of 
litge - masses of sporogenous tissue, especially at the period of the tetrad-division, 
whe& fhe nells of the-sporogenous mass do not form a coherent and firm tissue. 
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For reasons above stated (p. 500), Phylloglossum is regarded as a primitive, rather 
than a reduced form ; its small and comparatively simple strobilus is, on our working 
hypothesis, the counterpart of asporogonial head, which in this plant is separated 
sharply by the intercalary growth of the axis, from the protocorm with its proto- 
phylls. The sporangium of Phylloglossum is not in any sense an extreme type, 
either as regards size, or peculiarity of form; it seems not improbable that it may 
represent something like the original Lycopodinous sporangium, though there is no 
definite proof that it is the original type. 

Supposing it to be so, and its whole strobilus to be really a primitive type, let us 
imagine in what ways the increase in spore-production might be effected, and then 
inquire whether any of these are exemplified by plants before us. We may imagine 
that the spore-production might be increased:— 

(1.) By lengthening and even branching of the strobilus, and increase of the number 
of sporophylls and sporangia produced in ordinary sequence. 

(2.) By increase in size of the individual sporangium. 

(3.) By formation of adventitious sporangia in places where they were not pre¬ 
viously produced. 

We will consider each of these separately. 

(3.) The third head may be at once dismissed; within the Lycopods and allied 
forms which we are considering, no adventitious sporangia have been observed. 

1. Lengthening and branching of the strobilus has probably been a potent factor 
in the production of the large Lycopodinous forms from a simpler ancestry ;* whether 
or not Phylloglossum really represents, or is at all like such ancestors, it is not to be 
doubted that earlier ancestors were simpler than they, and it has been already 
remarked that the structure and development of its strobilus show facts not incom¬ 
patible with the recognition of its strobilus as the counterpart of a sporogonial head. 
It is not difficult to realize how a strobilus, gifted with continued apical growth, and 
a power of branching (as is foreshadowed in the sporangia of some Bryophytes as a 
rare abnormality, and also is seen in fig. 23 in Phylloglossum) might form a larger 
number of sporangia than its predecessors, and the total output of spores be thus 
increased, But to nourish the increasing number of spores, increased vegetative 
development will be needed; this need is not met in the Lycopods by increase of the 
vegetative development of the sexual, but of the non-sexual generation, and on com¬ 
parative grounds it appears to me probable that an increased assimilative power was 
acquired by them in the following most interesting way. It is a familiar fact that 
certain species of Lycopodium have alternating sterile and fertile zones; examining 
the limits of the fertile zones, the sporangia, though present, are abortive; in the 
presence of these arrested sporangia I believe that we have evidence that the whole 
sequence of sterile and fertile zones is the result of partial sterilization of a primitive 
strobilus, all potentially fertile, but of which parts are sterilized, and carry on merely 

# See footnote, p. 484, 
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a vegetative function; the evidence of its potential fertility is to be found in the 
sporangia present in the axils of many of the vegetative leaves, though arrested in 
their development at a very early stage (e.g., in X. Selago, hippuris , (Uchotomum, 
carinatum). In such species there is thus seen a primitive and incomplete differen¬ 
tiation of vegetative from sporogenous parts, and I see no improbability, but rather 
all evidence in favour of the view that the former are the result of sterilization of the 
latter. The physiological advantage is too obvious to need lengthy explanation, 
while, as the apex of the axis in these species retains its power of continued growth, 
the production of spores may be carried on without definite limit. 

In other species the differentiation of the sterile and fertile zones is moro complete, 
the latter appearing as clearly defined strobili (e.g., L. alpinum, clavakum ; Sdaginalla 
Martensii, spinosa). It has been repeatedly noted in the above pages that arrested 
sporangia are present at the base of the strobilus of such plants, they are also found 
at the apex. In the latter position they would be generally accepted as potential 
sporangia, arrested owing to insufficient supply of nourishment. I now suggest that 
the arrested sporangia at the base of the strobilus are to be explained in the same 
way, though they bridge over the limit between the sporophyll and the true foliage 
leaf. The correlation of growth is often very marked, e,g. t in X. pldegmaria, where 
the foliage leaves are relatively large, while the sporophylls are small: such forms 
might be regarded as those most advanced in point of differentiation. 

I see no other way of explaining the presence of these abortive sporangia at the 
base of the strobilus, unless they he accepted as “prophetic germs,” a suggestion 
which will not readily commend itself And thus the general conclusion may bo 
approached, which would well explain the facts, though it must only be held as an 
hypothesis, viz., that, exclusive, of the protocorm and protophylls , the plant of Lyco¬ 
podium or of Selaginella may he looked upon as the result of elaboration of a 
strobilus by continued apical growth and branching; that parts of the strobilus 
(usually the basal part, hut sometimes alternating zones) became sterilized, the 
sporangia arrested, or entirely aborted, and these parts carry on the assimilating 
function, and supply nourishment to the residuary, fertile portions ; these, in modem 
Lycopodia, appearing as the recurring fertile zones or as distinct strobili. Briefly put, 
we see in Lycopodium evidence that the ordinary foliage leaf is a sterilized sporopliylh 

There is, I think, no inherent improbability in this theory, while it explains the 
presence of the arrested sporangia, which would otherwise be unintelligible. We 
may now picture to ourselves how, from a simple form, such as JPhylloglossum , the 
larger Lycopods may have arisen by elongation and branching of the strobilus, and 
increase in number of sporophylls and sporangia, and, further, by partial sterilization 
of the strobilus. 

’ As an objection to this theory it may be urged that it implies an antithesis 
between the protophylis and the ordinary vegetative leaves; that antithesis is, how- 
ever, suffiaently clear in PUjlloglossvm, which, on other grounds, is marked out as 
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being probably a primitive type of Lycopod. I do not wish, however, to press this 
antithesis too far; if we keep in view, for purposes of comparison, the case of the 
Bryophyta, it will be remembered that the distinction between the seta and the 
capsule is not always a very distinct one, and this may also have been the case in 
the progenitors of the Lycopodinous series. 

2. Having now considered the first means by which greater spore-production 
might be promoted, viz., by increase in number of sporangia produced in ordinary 
sequence, and having seen that it has probably been exemplified in Lycopodium and 
Sdagvndla, we may consider the second, viz., increase in size of the individual 
sporangium. This may involve any one or all of the dimensions* of the sporangium; 
e.g. y the sporogenous tissue might be extended (a) in a radial direction, as regards 
the whole strobilus, or (h) in a tangential, or (c) it might be deepened, while 
retaining the same area on the sporophyl!; or there may be various combinations 
of (a), (b), and (c). 

Within the genera, Lycopodium and Selaginella , the depth (c) of the sporogenous 
mass remains more constant than the other dimensions of the sporangium, and the 
archesporium is, with the exception of a few abnormal cases, defined by the first 
periclinal wall. There is apparently a physiological explanation of the fact that the 
depth of the sporogenous mass is almost uniform ; the limit is probably imposed 
by the difficulty of transmission of nutritive materials upwards from the sub-arche- 
sporial pad throughout the developing sporogenous mass: this point will not 
therefore be considered further at present. 

The radial (a) and tangential (b) dimensions are, however, less constant, and the 
lluctuations in the genera in question are of importance as leading to a comparison 
with other forms. 

Taking first (a), the radial dimension, we see in Phylloglossmi, and in L. Selago } 
and others, that the sporogenous tissue is referable in the radial section to a single 
cell, and these species have a comparatively narrow, radially compressed sporangium; 
in other species, the base of the sporangium is broader, and the sporogenous tissue is 
referable to two (X. inundatum and Selaginella) or even to three cells (X, clavatum 
and alpinmn) in each radial section. The fluctuations, which are thus comparatively 
trifling in Lycopodium , acquire a new interest when the sporangia of Isoetes and of 
Lcpidodendron are compared. In the former, the mature sporangium is rather like 
an oval cake, with its major axis in the radial direction, the sporangium not being 
radially compressed as in Lycopodium. Obviously here is an increased accommoda¬ 
tion for spore-production as compared with Lycopodium , brought about by increase 
of the radial dimension. The development bears this out, for the archesporium is 

* It fa to bo notod that the comparison is not based upon absolute measurement., -which might 
bo misleading, but rather upon tissue-complexity; one spore-mother-cell, though a small one, will give 
rise to four spores, whioh, though small, may yet serve to produce four new individuals, just as well as 
four large ones. 

MDCOOXOIV.—B. 3 Z 
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referable to a considerable number of cells in each radial section. Hnally, in Ij* philo¬ 
dendron, this radial extension attains its maximum, tbe mature sporangia being more 
than three times as long (radially) as they are broad (tangentially), and tbe possibility 
of production of large numbers of spores is thus greatly increased. 

Turning now to (b), the tangential dimensions, considerable fluctuations are to be 
found in our series. Perhaps the simplest case is that of L. phleg maria, where the 
sporogenous tissue appears to be referable in tangential section to two colls. Passing 
to Selctginella spinosa, it is referable to three or four; in L. Selago, it is referable to 
about six; in L, clavatum and alpinum, about twelve. These figures, relating as 
they do to early stages of development, give, nevertheless, a clue to the final form and 
dimensions of the sporangia: while the sporangium of Selagindla is very little 
extended tangentially, and hardly shows any trace of the kidney-liko form, that of 
L, clavatum assumes the form of an inverted IT (fig. 92 , c, c), The behaviour of the 
sub-archesporial pad is also worthy of note, since, in such forms as the last, it attains a 
very considerable degree of development, and projects far upwards into the cavity of 
the sporangium. 

It is thus seen that the various dimensions of the sporangium are susceptible of 
fluctuations, in different genera and species, and, as one or more of the dimensions is 
increased, the individual sporangium may attain, when mature, a very considerably 
increased size, e.g., those of Isoetes and Lepidodendron, But when this is the case, 
tbe enlarged sac is exposed, both to risks of damage from without and to difficulties 
from within in the supply of nourishment to the largo mass of developing Mpovow. It is, 
doubtless, these two factors which have led to those peculiar developments known as 
the trabeculae of Isoetes, and the somewhat similar growths now described for Lepido- 
dendron. In neither of these plants do the sporangia appear to be completely 
partitioned; but bands, or plates of sterile tissue (trabeculoe) spring from the sub- 
archesporial pad, and pass upwards through the sporogenous tissue, and, at least in 
Isoetes, are continuous to the upper wall of the sporangium, but it has not been 
possible to prove this continuity in the case of Lepidodendron, Small upgrowths of 
a somewhat similar nature have been found at times in I. davatum and alpinum, 
Tbe physiological importance of these is plain; they probably serve as channels for 
conveyance of nutritive materials into the very mass of developing spores, and they 
increase the available surface of such transmission. It is specially interesting to note 
their presence in those Lycopod-sporangia which are tbe largest, and most extended 
in a radial direction. 

In L, clavatum and alpinum (and, perhaps, also in Lepidodsndron) the trabeculae 
appear'to be mere upgrowths from the sub-archesporial pad. In Isoetes , however, it 
was shown by Goebel, and now amply verified, that they are formed by sterilization 
of part of a potential archesporium; here they are continuous to the upper wall, and 
probably Serve also a mechanical purpose, It has been suggested that they serve as 
props hf the, wall at the time when the sporogenous mass is semi-fluid (F armer , 
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* Annals of Botany,’ vol. 5, p. 49); they may so act, but the peculiar dimpled appear¬ 
ance, often seen in the upper surface of a microsporangium, would rather suggest that 
they act as stays, in fact similarly to the trabeculse of Cctulevpa, as suggested by 
Janse (‘ Pringsh. Jahrb.,’ vol. 21, p. 272), and are, at the critical period, in a state of 
tension. 

In Isoetes the trabeculse are not uncommonly connected either by their branchlets 
(figs. 112, 113), or laterally along a considerable distance so as to form plates, which 
may also be connected with the walls. Such appearances suggest an approach to a 
partitioned state of the sporangium, which, however, has not been found in any of 
the plants hitherto considered. The advantages of a partitioned condition, where 
the sporangium is large, are plain enough ; not only would the nutritive surface 
adjoining the developing spore be enlarged, but mechanical strength would be 
afforded to the large developing sac, and, finally, while a single puncture of the large 
uon-septate sporangium by animal, or other agency, would probably destroy the 
whole mass of spores, if the sporangium were septate only one compartment would 
suffer. It is clear then that where the size of sporangia is larger, the advantage of a 
septate condition will become greater. These considerations, together with the facts 
drawn from Isoetes, suggest the question whether such partitioned sporangia of the 
Lycopodinous type occur, and, if so, in what plants'? 

A striking answer to this question is, I believe, to be found in a genus of 
.Lycopodineous affinity, in which the sporangium is extended in the radial direction. 
We have already noted fluctuations in this dimension within the genus Lycopodium 
(compare figs. 36, 58, 73), while Isoetes in which the potential archesporium is 
partially sterilized to form the trabeculse, is a still more pronounced example among 
living plants. As will now he explained at length, it is in Tmesipteris that we 
appear to find a comparatively simple septate sporangium, or synangium—which, on 
the grotmd of the above considerations, appears to be a more efficient type of 
construction than such trabecular sporangia as are seen in Isoetes or Lepidodendron. 


PSILOTACEJU. 

The Psilotacese are a family which occupies a place somewhat apart from other 
Lycopodineso, though they are usually classed with them; their conformation is in 
many ways distinct from that of other forms, while the two genera of the family, 
viz., Psilotum and Tmesipteris , show fundamental similarity to one another, though 
sufficiently distinct in details. 

It is probably owing to their somewhat separate position, and their marked 
peculiarities, that they have been the subject of frequent discussion, both from the 
purely morphological, and also from the systematic point of view. The morphological 
discussions have chiefly centred round the spore-bearing members (synangia or 
sporangiophores); it is unnecessary to criticise in detail the views which are, or 

3 z 2 
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have been held, for this has already been done most admirably by Solms-La.itbach 
(‘Ann. d. Jard. Bot. d. Buitenzorg/ 4, p. 139, &o.), while a very complete list of 
literature up to the date of his writing is given, together with brief critical remarks, 
as an appendix to his memoir (loc dt. } p. 187). Since then further observations 
have been made by M. Dangeard ( f Le Botanist©/ s6rie 2, May, 1891), and by 
Mr. Vaughan Jennings (‘ Proc. Boy. Irish Acad./ series III., vol. 2, 1891), but their 
statements do not materially alter the position, or determine the points at issue. 
It is to be remarked that, notwithstanding all that has been written, tho knowledge 
of the facts of development of the peculiar spore-bearing members is still incomplete ; 
their mature structure has been described and figured with all necessary detail by 
M. Bertrand (‘Arch. Bot. du Nord./ vol. 1, p. 457, for Psilo turn, and p. 528 for 
Tmesipteris), and others; the external form of the developing organs has been 
beautifully illustrated for Psilotum by Solms-Laubaoh (loc, cit Plate 23), and by 
Bertrand (loc. cit., p. 462, fig. 199); drawings have also been made of the young 
sporangiophores of Tmesipteris by Goebel ( f Bot. Zeit./ 1881, Plate 6, fig. 12), and 
by Jennings : but the internal details are very incompletely known, the only 
accounts hitherto published being those of Juraniyi (‘ Bot. Zeit./ 1871), which is not 
illustrated, and of Goebel (‘Bot. Zeit;/ 1881, p, 688, Plate 6, figs. 9-12), Thus 
there is need for the subject to be taken up afresh, and the internal details of 
development to be described, before the morphological question can be finally decided. 

The chief views as to the nature of the sporangiophores are these: (1) that the 
whole sporangiophore is a single appendicular (foliar) member, (2) that it is a 
structure of reduced type, consisting of an axis bearing a terminal syuungium, and 
two leaves. 

The former view (1) was held by all the older morphologists; it was accepted by 
Mettenius (‘Bot. Zeit./ 1867, p. 98), and by Luerssen, and has been most ably 
defended, on the basis of observations of external form during development, by 
Graf Solms (loc. cit.). The second view was propounded by Juraniyi (‘ Bot. 
Zeit./ 1871, p. 177), and has been adopted by Goebel on the basis of his own 
observations (‘Bot. Zeit./ 1881, p. 689). The arguments have turned upon the 
position of the organic apex of the whole lateral structure, and tho relations of the 
other parts to it in point of time and place of their first appearance. Obviously, this 
may be determined either by external observation or by histological analysis of the 
developing parts, but best by a combination of both methods, 

- Juraniyi and Goebel state that the synangium is actually terminal on the 
sporangiophore, and this view is very distinctly stated also by M. Bertrand (‘ Arch. 
Bot. du N ord/ vol. I, p. 463). Graf Solms, however (loc. cit., p. 180, and 
Plate 23), has also described and illustrated the external characters for Psilotum , 
while, at the same tune, he suitably criticises the results of other observers which 
differ from his own. He finds that the sporangiophore first makes its appearance as 
a lateral fiat extension of the growing point of the shoot, which is soon separated 
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from the latter by a very shallow groove : at this time the young sporangiophore has 
a tongue-like form, being slightly channelled on the upper surface. In the middle of 
this slight median channel a flat upgrowth appears, and this is the'young synangiuin, 
which thus arises, according to Solms, from the upper surface of the sporangiophore. 
On the basis of these observations he maintains the older foliar view of the 
sporangiophore. 

Our purpose will now be to see how far the study of radial sections, traversing the 
apex of the axis and the very young sporangiophores, will bear out this account of 
the development. Of the two genera the parts in Psilotum are more shortly stalked 
in the mature state than those of Tmesipteris ; the leaf-lobes of the latter are larger, 
while the loculi of the synangium, being only two, and both in the median plane, this 
plant is clearly the one which will more readily yield results from longitudinal 
sections. Pdlotum, on the other hand, having a triloeular synangium, will be 
difficult to work in longitudinal section, and only one of the three loculi can possibly 
be cut fairly in its median plane in any one section. Accordingly, as both genera 
have been studied, the description of the results for Tmesiptens will be given first. 
The observations were chiefly made on material supplied by Mr. Yaughan Jennings ; 
I have also to acknowledge specimens from Mr. G. M. Thomson, sent direct from New 
Zealand, while one fine apical bud was cut by Professor I. Bayley Balfotjr from 
the living plant in the Edinburgh Botanic Garden. 

Tmesipteris. 

The apical cone of the plant is very variable in bulk: in strong young shoots it may 
be a broad dome (fig. 118), while in weaker specimens, or those in which apical 
growth is beginning to fail, it may be comparatively narrow. In the large as well as 
the small specimens a single initial is usually present (a?, fig. 118), but its segmenta¬ 
tion does not appear to be strictly regular, and it is difficult to refer the whole 
meristem to the activity of one parent cell. This conclusion is borne out by the 
appearance of the apex as seen from above (fig. 119), when the initial is seen to have 
the form of a three-sided pyramid, but the tissue around it is not readily to be 
parcelled out into groups derived from regular segments: secondary initials (cells 
marked 6) also occur frequently. It will be noted that these results materially 
coincide with those obtained by Solms for Psilotum (loc. cit.). 

Passing from the actual apex the sides of the cone are covered externally by deep 
prismatic cells, which are of somewhat irregular origin, depth, and arrangement: 
when a leaf or sporangiophore is about to be formed certain of these increase in size, 
and undergo both periclinal and anticlinal divisions so as to form a massive outgrowth 
(figs. 120-121), the summit of which is occupied, as seen in radial section, by a single 
larger cell of a wedge-like (fig. 120, 123) or prismatic (fig. 121) form : it is not 
improbable that the latter passes over to the wedge-like form as the part develops. 
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A transverse section, of tlie axis passing through such a young leaf does not disclose 
any marked feature (fig. 122). In these early states I find it impossible to say 
whether the part in question will be a vegetative leaf or a sporangiophore, and even 
when older it is still a matter of uncertainty; it is, however, believed that fig. 123 
represents a foliage leaf, and is to he so recognized by the narrow form which becomes 
more pronounced in the older vegetative leaves : those, however, which are to develop 
as sporangiopliores, soon show an increase in thickness, while they grow less in length : 
an excrescence of the adaxiai surface soon becomes apparent (fig. 124), in which the 
superficial cells are chiefly involved: the lower limit of the tissues resulting from 
their divisions is shown by a heavy line in figs. 120, 121, 124, and 125, and from a 
comparison of these it will be plain that, while the essential parts of the synangium 
are derived from the superficial cells of the young leaf, the subjacent cells also bear a 
part, forming a sub-archesporial pad (p., fig. 125). The superficial cells at first form 
a rather regular series (fig. 120), which may be compared with the cells which give 
rise to the sporangia in Lycopodium clavatum, or in Isoetes: they undergo more or 
less regular divisions (fig. 124), which, however, I have been unable to follow in detail: 
a band of tissue some four or more layers in depth is thus produced. At about this 
period certain masses of cells assume the characters of a sporogenous tissue (figs. 125, 
125 bis , shaded cells); but though they can be recognized as such by the character 
of the cells, it is exceedingly difficult to define the actual limits of these Bporogenous 
masses. The more superficial tissues, as well as the band intervening between the 
two sporogenous masses remain sterile, the latter developing into the septum, while 
the former develop into the walls of the synangium : it is specially to be noted that 
the origin of the tissue of the sterile septum, which separates the sporangia, seems to 
be similar to that of the sporogenous masses themselves. 

I have not been able to decide whether the archesporium is here defined at once by 
the first periclinal division of the superficial cells (fig. 120), or whether successive 
additions are made to the sporogenous tissue by subsequent periclinal divisions of 
superficial cells, as in Equisetum , and in a less degree in Isoetes and Selaginella. J 
am, however, inclined to think the latter to he the case, since in such examples as 
that shown in fig. 124, the superficial cells are very deep, while the lower cells are not so, 

As the development proceeds, the original arrangement of the cells becomes dis¬ 
turbed by unequal growth (fig. 126); the more superficial layers develop into the 
rather massive wall, and the cells immediately surrounding the sporogenous masses 
become compressed, and ultimately disorganized. It has been above noted that it is 
difficult to recognize with certainty the exact limits of the sporogenous masses in the 
synangia (compare fig. 126): this is probably due to the fact that there is no very 
clearly defined tapetum, nor is the whole of the sporogenous mass used up in the 
aerial fomation of spores, hut a considerable proportion of the cells composing it, 
addfosed tapetum, become broken down, and disappear in a manner similar 
in detail in JPsUotum (p. 549). 
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Finally, a strand of vascular tissue, of which the origin may be traced in figs. 1 24, 
125, 126, is formed, extending up the sporangiophore; on entering the synangium, it 
passes up to the base of the septum, and there branches right and left, the two 
branch-bundles traversing the margins of the septum (compare figs. 146-148). 

When mature, the wall of the synangium consists of a superficial layer of deep 
cells, with thick cell-walls (figs. 146-148), which are similar to those of the wall of 
the sporangium of Lepidostrobus Brownii (fig. 93), and as in that fossil, so in 
Tmedpteris , a band of thinner-walled compressed cells, three to four layers thick, sup¬ 
ports the superficial layer internally (fig. 146). These cells have pitted walls, and are 
not definitely limited internally, but irregular tatters of cell-wall project into the 
cavity of the synangium, showing thus that there is no clear limit between the wall 
of the synangium and the tapetum. 

The septum shows in the main a structure similar to this inner band of the wall, 
with which it is continuous ; it consists of a firm plate of narrow tabular cells, four to 
six layers in thickness, with profusely pitted, woodyWalls. The septum is also coated 
by the remains of thinner-walled disorganized cells. As already noted, the branches 
of the vascular bundle which enters the synangium pass right and left up the margin 
of the septum (fig. 148) ; these bundles are seen as bands of tracheides (fig. 146) in 
transverse sections through the lower part of the septum ; the bundles are not sharply 
differentiated from the surrounding tissues, and it appears to consist only of xylem. 
A number of tracheides, continuous with the bundle, extend along the central part of 
the septum; and from the position of the bundle, it appears to belong to the septum, 
rather than the external wall of the synangium. Moreover, it will subsequently be 
seen that the branch vascular bundles are absent in those abnormal synangia in which 
the septum is wanting or incomplete. 

Turning now to sections in other directions, if a synangium be cut vertically (along 
a line a?, x, fig. 125), the appearance presented is as in fig. 127 ; l, l are the lateral 
lobes (leaves of some writers), which grow out right and left from the summit of the 
sporangiophore. The shaded cells are the sporogenous mass, and the arrangement of 
the walls supports rather than discountenances the view that the archesporium is not 
defined by the first periclinal division of superficial cells; it is easy to see the corre¬ 
spondence between figs. 127 and 125. 

If the sporangiophore be cut through transversely, the appearance at successive 
ages would be such as is shown in figs. 128-131. When very young the outline of 
the section will he oval (fig 128), the lateral lobes not having as yet appeared: the 
cells adjoining the axis may he recognized as those which will form the sporangium. 
It must be noted that they are necessarily cut obliquely, as reference to fig. 124 will 
show; hence the superficial cells appear shallower than they really are. When 
rather older (fig. 129) the formation of the leaf-lobes will have begun (I, l ), which 
then proceeds rapidly (fig. 130). Meanwhile the sporangium (in these transverse 
sections it is the lower of the two loculi of the sporangium w T hich is cut through) 
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becomes broadly convex, and tbe steps of the development, as shown in figs. 130,131, 
will be seen to coincide with what has been already stated for the radial section. 

The above descriptions are based entirely upon the developmental study of normal 
specimens of Tmesipteris; whatever value readers may be disposed to accord to 
evidence from examination of abnormalities, it is of importance to see what it amounts 
to, since such evidence has been repeatedly used by previous writers on the Psilotacese, 
though chiefly with reference to Psilotum. The importance of such evidence will vary 
in different cases, according to the frequency of occurrence of any given abnormality : 
other things being equal, it appears to me that those abnormalities which recur most 
frequently in a given species will be those which are most worthy of consideration for 
morphological argument. 

As far as I am able to judge from the specimens in my possession, Tmesiptevis is an 
unstable plant as regards form. T wenty-four plants have been examined, and upon 
these were found twenty-six synangia which showed abnormal development—an 
average of more than one on each plant: they were, however, unequally distributed, 
some plants bearing no abnormal synangia,, others bearing several. It would thus 
appear that Tmesipteris is unusually prone to variation in details of its synangia. 

The abnormalities may be considered first from the point of view of external form : 
it has been a matter of frequent observation that “ double leaves ” occur in Psilotum 
without a synangium : Solms remarks, however (loc. dt., p. 175), that the rudiment 
of a synangium may almost always be detected in such cases in the usual position. An 
example of this is shown in fig. 149, for Tmesipteris, where the abortive synangium 
(sy.) is seen in the normal position : it is to be noted that it is placed on the adaxial 
face, and below the indentation between tbe leaf-lobes. This is then a simple case of 
arrest of the whole synangium. Similar specimens of Tmesipteris have been figured 
and described by M. Beetranjd ( £ Arch. Bot. d. Nord/ vol. 1, p. 475). Either the upper 
or the lower lobe of the synangium may be arrested, while the other lobe develops 
in the usual way; these two cases are shown in figs. 150, 151 ; such examples of 
arrest of development of one loculus are to be carefully distinguished from cases to be 
described below, showing, in various degrees, the disappearance of the septum between 
the loculi. A correlative vegetative growth, following arrest of the synangium, was 
rarely found: in fig. 152, however, a long process is seen hearing two small lobes ; this 
arises in place of the synangium, and is clearly seated, as before, on the adaxial face of the 
sporangiophore. A different form of correlative growth is seen in fig. 153 : a f ‘ double¬ 
leaf 55 of abnormal form is here shown, in which the lower part has virtually the form 
of the single foliage leaf: seated on the adaxial face, and near its base, is a small 
brown process, which resembles an abortive synangium (sy.), while the upper part 
assumes the character of the <c double-leaf,” but with the lobes partially coherent. 
I have not seen in Tmesipteris any case of appearance of a third lobe, as described by 
for Psilotum (loc. cit., p. 175, Plate 23, fig. 8). In the abnormalities thus 
X see Nothing inconsistent with the hypothesis above put forward: that 
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described last (fig. 153) appears decidedly to support the suggestion based on study 
of the normal development, that the sporangiophore is a single leaf with two lobes, 
bearing the synangium on its adaxial face. 

It is well known that both Psilotum and Tmesiptevis show alternating sterile and 
fertile portions of the same shoot, similar to those seen in Lycopodium Selago , and 
other species. It is at the upper or lower limits of these fertile zones that abnor¬ 
malities are most frequent, and even sporangiophores, which axe otherwise normal, 
show there great variations in vegetative development; thus, fig. 154 represents a 
sporangiophore from the middle of a fertile zone, with fully developed leaf-lobes, while 
fig. 155 represents one of similar age from the upper limit of the fertile zone; here 
the leaf-lobes are small and stunted, though the synangium shows its normal 
characters. The synangium itself is, however, liable to variations in form of a some¬ 
what parallel nature, involving (i.) greater complexity, or (ii.) simplification as 
compared with the normal. In two specimens from the middle of the fertile zone, a 
trilocular synangium was seen (fig. 156), the position of the three loculi being similar 
to those in Psilotum , with which the correspondence of the whole sporangiophore is 
in these exceptional cases very close. Fig. 157 represents a less regular case where 
three loculi are seated on one sporangiophore. 

But the greatest interest in connection with the hypothesis above put forward is 
centred in those abnormal synangia which show simplification of external form, and it 
will presently he shown that simplification of internal structure follows that of form ; 
such simpler synangia are most frequently, though not exclusively, found at the limits 
of the fertile zone, or on specimens which have developed weakly. The most frequent 
simplification is found in the absence of the groove separating the two lobes of the 
synangium, so that externally the synangium appears as a single boat-shaped body 
(fig. 3 58). In others the form may be shorter (fig. 159), but in such specimens, of which 
the internal structure will be seen to present facts of the greatest importance for our 
theory, it is to be noted that the two projecting points, as well as the slight media# 
groove, show that the whole body represents a complete synangium of a reduced type ; 
it is not to be ascribed to the arrest of one or other of the loculi, as in figs. 150 or 151, 
Finally, in fig. 160, we see an extreme case of reduction, the synangium being 
here represented by a small spherical body, borne in the usual position on a 
sporangiophore, of which the leaf-lobes are of a very small size. The above examples 
will show the chief lines of modification of form to which the synangia are liable ; 
but the more direct interest in connection with our hypothesis is to be found- in 
the modifications of internal structure and development which accompany them. 

The normal structure of the synangium and its development have been described in 
detail above (p. 541-543); examination of sections of such synangia as those we have 
just been discussing shows considerable deviations from the normal structure, especially 
as regards the partial or even complete abortion of the septum; these deviations have 
a certain relation to the external form. The structural details .to be now described 
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have been obtained by the comparison of sections of fourteen specimens of different 
ages. Those of the type shown in fig. 158 deviate the least from the normal in 
form, and in section these sometimes show a complete septum, of apparently normal 
structure ; of the others, however, which were approaching maturity, one showed 
only a slight flange, projecting inwards into the single large cavity; this doubtless 
represents the margin of the septum, of which the central part has disappeared, 
in other specimens thei'e was no representative of the septum at all. From the form 
of these synangia, as well as from the occasional presence of vestiges of the septum, 
we learn that they are not due to abortion of one-half of the synangium, but that 
they represent the whole synangium, and they thus demonstrate that the septum 
may be partially or completely abortive. The same was found to be the case in the 
specimen shown in fig. 160, but the best results have been obtained from those of the 
type shown in fig. 159, for several of these of different ages were obtained, sufficient 
indeed to supply the most essential features in the development of these non- 
septate synangia. It has already been shown in the development of normal synangia, 
that it is impossible in early stages to differentiate the sporogenous tissue from the 
Septum, and that in later phases the limit was not clearly marked (see p. 542); in 
the non-septate synangia the distinction never appears, or, at most, it is only 
slightly suggested. Such a synangium in the young state is shown in fig. 161, from 
which it will be seen that the form of the synangium is of the type of fig, 150, the 
groove between the lobes being almost obsolete; the vascular bundle stops short at 
the base of the synangium, instead of passing far into it, as described for the normal 
type; the place where the septum should be is indicated by a slight flange of firmer 
tissue projecting downwards from the upper wall (figs. 161, 162), but instead of 
continuing downwards as firm tissue, as in the normal synangia, it merges into a 
mass of cells which fill the synangium, and consists of (i.) cells with less dense 
contents (the tapetum, t, fig. 162), and (ii.) more densely protoplasmic cells (the 
sporogenous cells, $, fig. 162); the former appear as a peripheral band (t, t), while the 
latter (s, s) occupy the centre. The place where the septum should be demands 
special notice: there the tissue is disposed, roughly speaking, in rows, as in the 
normal synangium ; the tissue opposite the projecting flange of the incomplete 
septum appears to be sometimes of the tapetal character, and disappears as the 
synangium develops (fig. 163). But its cells may also be sporogenous (fig. 162); in the 
younger state they may he so recognized by their denser protoplasmic contents, as in, 
the figure above quoted, but-the best demonstration of this fact is afforded by later 
stages, where the sporogenous cells are more clearly distinguished, by their definite 
cell-walls and nuclei, from the tapetal cells which are undergoing disorganization. 
Fig, 164 shows a whole synangium of the same type as fig. 159, cut’in median 
there is hardly any groove defining the two halves of the synangium, and 
m p$cai|cm of the septum internally, while the cavity is occupied partly by 
discaga^l^ bhlfetff the peripheral and diffused tapetum, partly by the sporogenous 
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cells, which hang together in connected masses. In fig. 165 part of the contents of 
this synangium, lying about the centre of it, are represented under a high power, while 
the line ( x , x) shows the position which the septum should normally occupy at present. 
Now it is plain that a connected thread of sporogenous cells, with definite cell-walls and 
nuclei, which make .them readily distinguishable from the tapetal cells, extends quite 
across that line; thus it is demonstrated that the tissue which would normally develop 
as the septum , may , on occasions , develop as tapetum, or even as sporogenous tissue. 

Figs. 166-168 illustrate other examples of a similar nature, which were also of size 
far below the normal. _ Figs. 166, 167 show two transverse sections of a small 
synangium, the first near its base, the second nearer to its upper surface. From 
these it will be seen that a partial septum was present ($.), which projects from the 
upper wall of the synangium for a certain distance downwards into the cavity, but 
there stops short. Finally, fig. 168 represents a transverse section through the small 
spherical synangium shown in fig. 160, and in it no trace of a septum was found, the 
single cavity being occupied by immature spores ( sp .). 

The modification of the vascular system of the synangium where the septum is 
absent is worthy of mention. It has already been stated that in normal synangia a 
vascular bundle enters the stalk, and that strands, consisting chiefly of tracheides, 
branch right and left, entering the septum, and running along its margin about four 
layers of cells from the outer surface. In synangia, where the septum is incomplete 
or absent, I find no such septal bundles ; in these cases the vascular supply seems to 
stop short at the base. This behaviour of the septal bundles shows an obvious 
correlation with the complexity of structure of the whole synangium. 

The details described in the above paragraphs occur in synangia, which will com¬ 
monly he designated " abnormal.” In so far as they differ from the common type, 
they are rightly so called ,* but it is to be remarked that there is some method in 
their abnormality; their occurrence, especially at the limits of the fertile zones, the 
frequency of their appearance, and the correlation of smaller size and greater 
simplicity of external form of the synangium with the imperfect development, or 
even entire absence of the septum, all point to the conclusion that this is not a case 
of haphazard monstrosity. The whole series appears to me to illustrate within the 
one species what has been recognized elsewhere for distinct genera, such as 
Lycopodium , Isoetes, and Lepidodendron. Where the sporangium is large ,, sterile^, 
hands of tissue are present, while in smaller sporangia homologous with these , sterile 
hands of tissue may he entirely absent. But whereas in the other cases quoted the 
stenle tissue was represented only by incomplete traheculcB , in Tmesipteris the same 
rule is found to apply to the complete septum. 

It may doubtless he objected that these smaller synangia with simpler structure 
illustrate the possibility of fusion of sporangia normally distinct, rather than that 
they have any bearing on the question of formation of septa; in fact, that they are 
extreme cases of a progressive reduction in a plant which is on the down grade of 
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morphological change, such as has been suggested by Strasbueg-er (‘ Bot. Zeit.,’ 
1873), and not cases of individual retrogression in a plant which is, as I should 
suppose, on the up-grade. But when we look at the whole question from the point 
of view of increase of number of spores, and compare Tmesipteris, Lepidodendron , and 
Lycopodium , if the line of advance were such as I suggest, it is just at the limits of 
the fertile zone that individual retrogression to simpler types would be expected, and 
the physiological explanation of their occurrence would be the running short of 
nutritive supply, from which would follow the development of synangia of smaller 
size and less complex structure. 

The results from the study of the development in Tmesipteris may be summarized 
as follows 

1. In their earliest stages the foliage leaves are not readily distinguishable from 
the sporangiophores either in form or in internal structure, and they occupy a similar 
position to them upon the axis. 

2. In either case a prismatic or wedge-shaped cell occupies the apex, as seen in 
radial section, but all the tissues are not readily referable to the segmentation of a 
single cell. 

3. The first appearance of the synangium is as an upgrowth of superficial cells of 
the adaxial face, immediately below the apex of the sporangiophore; cells of the 
abaxial side also grow strongly, while the apex itself does not grow; so that the 
organic apex is soon sunk in the groove between these stronger growths. 

4. The superficial cells of the adaxial surface, which are to form the synangium, 
undergo periclinal and anticlinal divisions, so as to form about four layers; from these 
are differentiated : (a) two sporogenous masses, ( b) a septum between them, (c) the 
superficial wall. 

5. The limits of the sporogenous masses are difficult to define ; this is owing to the 
fact that there is no definite tapetum, while man} r of the cells of the sporogenous 
tissue also become disorganized without undergoing the tetrad division. 

6. The tissue of the septum is similar, as regards origin, to the sporogenous masses; 
it is therefore possible to regard it as a sterilized portion of a potential archesporium. 

7. The lateral leaf-lobes begin to be formed almost simultaneously with the 
synangium. 

8. In synangia of abnormally simple form the septum may be partially or com¬ 
pletely abortive, 

8. The tissue which normally develops as the septum, may on occasions develop as 
tapetum, or even as sporogenous tissue. 


PsiLOTUM. 

1871, p, 177), appears to have been the first to investigate 
► of the sporangiophore in Psilottm; he describes 
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it, when young, as having all the characters of an axial papilla, noting the presence 
of a cambial strand, which he stated to be absent from the foliage leaf. In this, 
however, he was mistaken according to Solms ( loc. cit. } p. 184). He admits the 
close similarity of the sterile and fertile parts while young, as regards their external 
form, a point which h'as above been specially noted for Tmesipteris . He describes 
the synangium as occupying the apex of the lateral appendage or sporangiophore, 
while a three-sided pyramidal initial cell is present with definite segmentation. 
Strasbtjrger denies the last facts (‘Bot. Zeit./ 1873, p. 92), and Goebel agrees 
that an initial cell is not present. He maintains, however, that the synangium is of 
terminal origin on the sporangiophore, and describes the sporogenous tissue of each 
loculus as referable to a single archesporial cell, but this single cell he has not 
observed (‘Bot. Zeit./ 1881, p. 692). The tapetum appears to originate from the 
sporogenous tissue. The above are the chief results obtained by previous investi¬ 
gators on the internal details of early development in Psilotum. 

The detailed study of the synangium of Psilotum by means of sections is more 
difficult than that of Tmesipteris on account of its tri-loeular character. In radial 
sections through the terminal bud, the young sporangiophores are found to present a 
general outline and structure similar to those of Tmesipteris (compare figs. 134, 136). 
Fig. 134 shows one such: the cell (x) is believed to represent the organic apex of 
the sporangiophore, though it is doubtful whether it be this initial which gives rise 
to the whole mass of the tissue. The synangium thus appears as an outgrowth of 
the upper surface of the sporangiophore, while the tissue on the abaxial side of it is 
already growing out into a bulky projection, as has been noted by Goebel {loc. tit ., 
p. 693), and aB already seen in Tmesipteris. But I have not been able to trace the 
development of the essential parts of the loculi of the synangium from the superficial 
cells of the adaxial side of the sporangiophore in this case with the same certainty as 
in Tmesipteris: I think this is chiefly owing to the stalk being here narrower, and to 
the fact that only one loculus of the synangium can be cut in a median direction 
in any one section; supposing this to be the median plane of the whole sporangio¬ 
phore, then it will be the abaxial loculus which will be thus traversed. And here 
it may be noted that Goebel’s fig. 11 (loc. cit.) does not appear to traverse either 
of the two loculi exactly in a radial plane; if this were so, the two loculi could mot 
appear so nearly equal in size, and accordingly as both are traversed more or less 
obliquely the results from the section must be accepted with reservation. A truly 
radial section of a young synangium is shown in fig. 135, the arrow indicating the 
direction of the main axis; the cell ( X) in figs. 135, 137, is a conical cell, which is 
commonly, though perhaps not constantly found occupying the centre of the apical 
surface of the synangium (compare figs. 136, 139, 141). Divergent statements of 
other writers have been above noted as relating to the presence or absence of an 
initial cell in the synangium of Psilotum. Juraniyi (‘Bot. Zeit./ 1871, p. 179), 
describes the synangium as growing with an initial cell of the form of a three-sided 



550 PROFESSOR F. 0. BOWER ON THE MORPHOLOGY 

pyramid. Strasbtjrger (‘Bot. Zeit.,’ 1873, No. 6), and Goebel (‘Bot. Zeit./ 1881, 
p. 692, and fig. 9, sp.) deny that there is one. I can confidently state that a small 
three-sided pyramidal cell is commonly present in my preparations (X figs. 135, 
137), though I am not disposed to assert that this is the primary parent cell of the 
■whole synangium. The cell shaded in fig. 135 is believed to be the archesporial cell 
for one of the loculi, hut after comparison of a large number of sections I am still 
uncertain whether the whole of the sporogenous tissue in each loculus is really 
referable to a single parent cell, for just the same difficulty arises here as in 
Tmesipteris, in recognizing the exact limits of the sporogenous masses; here again, 
this is probably due to the facts (1) that there is no clearly defined tapetum, and 
(2) that only a part of the sporogenous tissue actually forms spores. The Psilotacese 
are in this respect the most difficult family of the Yascular Cryptogams. 

The subsequent stages of development are illustrated by figs. 136—138, and it will 
be seen from these how the sporogenous masses assume large dimensions, and are at 
first composed of unif orm cells. The wall of the synangium meanwhile becomes 
multiseriate, and the cells of the outermost layer assume a deep and prismatic form, 
while the inner layers are narrow. The same is the character of the more superficial 
cells of the sporogenous mass (fig. 138), so that it is almost impossible to recognize 
the limit between the tissue of the wall and of the sporogenous mass; the superficial 
portions of the latter become disorganized without the formation of spores, but there 
is no clearly defined tapetum. Such is also the fate of a considerable proportion of 
the more central cells. As the synangium develops, irregular groups of cells of the 
sporogenous masses assume dense granular contents, and subdivide, while the others 
remain paler, with more watery contents, and do not divide; the former undergo the 
final tetrad division, and form spores, while the. latter become disorganized. The 
actual state of partial disorganization is shown in figs. 143, 144; thus, a partial 
sterilization of cells of a sporogenous tissue, essentially similar to that demonstrated in 
Equisetum 7 is seen also in Pdlotum , and, as above stated, it exists also in Tmesipteris . 
This has already been noted by Strasbtjrger. 

The fan-like tracery of the cells, as seen in radial section of the synangium, shows 
that the study of transverse sections will present difficulties ; these are least in the 
youngest stages, such as that shown in fig. 139, which corresponds in age nearly to 
that of fig. 135, The cells shaded are believed to be the archesporia, but I should be 
slow to make precise statements on this point, and especially so in face of the diffi¬ 
culty, above noted, of assigning definite limits to the sporogenous tissue in older 
synangia. Further stages of development are shown in figs. 140-142; and when 
allowance is made for the transverse sections cutting the cell-rows rather obliquely 
(as must be the case in parts with a fan-like tracery), it will be seen that the trans- 
veme sections fit with all reasonable closeness of comparison with the results from 

of Pdlotum thus coincide with those arrived 
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at in Tmesipteris, as regards the origin of the sporangiophore, and the appearance of 
the synangium on its upper surface, below the extreme apex. The following points 
may be noted as more specially applicable to Psilotum, in addition to those already 
summarized for Tmesipteris :— 

1. The organic apex of the sporangiophore coincides with the groove between the 
synangium and the pair of abaxial growths (leaf-lobes), as seen in the mature state. 

2. A three-sided pyramidal cell is usually present at tlmapex of the synangium, 

3. Each sporogenous mass appears to be referable in origin to a single parent cell, 
but this has not been actually proved, it being difficult to assign sharp limits to the 
sporogenous masses. 

4. The inner cells of the wall, as well as the superficial cells of the sporogenous 
masses, become disorganized, but there is no definitely distinguished tapetum. 

5. Certain cells of the sporogenous tissue scattered through the mass, are destroyed 
without forming spores, as is also the case in Equisetum and in Tmesipteris. 

Theoretical Treatment oe Results from Psilotace^e. 

The observations above detailed show that the study of development by means of 
sections supports the observations of Solms, rather than those of Jttraniyi, Goebel, 
and Bertrand. We conclude from examination of sections, very clearly in the case 
of Tmesipteris, though with less clear demonstration in the more complex case of 
Psilotum , that the synangium is a product of the adaxial surface of the sporangio¬ 
phore, and that it arises immediately below the organic apex of that part. These 
•facts strengthen the conclusion already drawn by Solms from external observation, 
that the whole sporangiophore is a member of foliar nature, and that it is not com¬ 
posed of a shortened axis and leaves, as Juraniyi suggested. I would add that, 
even if the synangium had proved to be terminal, there would be no need to have 
recourse to so cumbrous, and I think improbable, an explanation of the fact, for to me 
it seems just as probable that a synangium may occupy the apex of a leaf, as that a 
sporangium may be found at the apex of an axis; in this case the terminal or lateral 
position of the synangium would not affect the argument. This seems to have been 
the view of Prantl also. 

The lateral position of the synangium being demonstrated, and the conclusion 
arrived at that the whole sporangiophore is a foliar structure, it remains to draw 
comparisons with other plants, and in the first place with those to which the affinity 
of the Psilotaceae has always been recognized, viz., the Lycopodiacese. The comparison 
will first relate to Tmesipteris , which is probably nearer akin to Lycopodium than is 
Psilotum. If figs, 120,121,124 of Tmesipteris be compared with fig. 58 of L. clavatum , 
or better with figs. 71-74 of A. alpinum, the similarity will be obvious ; in both cases 
an outgrowth has appeared on the upper surface of a leaf, involving a number of cells, 
which are undergoing anticlinal and periclinal divisions; but whereas the growth in 
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Lycopodium is close to the base of the sporophyll, that in Tmesipteris is strongest 
close to the apex; this is the most salient point of difference at this stage. It may, 
however, he noted that an intermediate condition is seen in Isoetes (compare figs. 105, 
106, 107), where the sporangium is seated slightly above the basal limit of the sporo- 
phyll; also in Lepidostrobus , where also there is an interval between the lower limit 
of the sporangium and the insertion of the sporophyll on the axis; also that there is 
some variety in the relation of the sporangium to the sporophyll in Selaginella and 
Lycopodium. 

The tangential section of the sporangium in certain species of Lycopodium shows a 
very considerable curved series of archesporial cells (figs. 42, 64, 76); in Tmesipteris , 
the cells so exposed appear to be only two (figs. 127, 129, 130 ); this difference is, 
however, not very material, for we find somewhat similar variation within the genera 
Lycopodium and Selaginella. Thus, while the number of archesporial cells seen in 
tangential section in L. clavatum is large, in L. phlegmaria (fig. 50) it is at most 


four, or perhaps even two; accordingly, this difference is one of only secondary 
importance. Some of the various ways in which the dimensions of Lycopodinous 
sporangia may vary have been discussed above (p. 536,See.); it has been shown that there 
is variety within the genus Lycopodium in the number of archesporial cells as seen in 
the radial section, L. Selago showing the simplest type, with only one archesporial 
cell thus seen (fig. 36), while L. clavatum will serve as a more complex type with 
three (fig. 58). It has been pointed out (p. 532) that in Isoetes the number of arche¬ 
sporial cells exposed in the radial section is larger (figs. 105,106), while the existence 
of this more extensive sheet of archesporial tissue is accompanied by the formation of 
trabeculae, which are, as regards their origin, sterilized portions of a potential sporo- 
genous tissue. It has also been above suggested that the large oblong sporangium 
of Lepidostrobas owes its origin to a similar extensive development of the sporo- 
genous tissue, which probably stretched in a radial direction for a considerable 


distance along the upper surface of the sporophyll (fig, 94); though not septate, the 
cavity of the sporangium is traversed by trabecula? (figs. 96-103), or even irregular 
continuous plates (figs. 132, 133) of sterile tissue; at present, unfortunately, no 
developmental data are available for proving whether or not these sterile tissues were 
derived from a potential archesporium, but their great similarity to the sterile 
trabeculae of Isoetes makes it probable that they were. 

Like Lycopodium and Isoetes , Tmesipteris shows also an extensive potential arche- 
sporium, but here it occupies a narrow zone on the upper surface of the sporangio- 
phore, apd extends for a considerable distance in a radial direction, stretching to its 
extreme apex. It is not, however, fertile throughout in normal synangia, for while 
^porticms at either end develop so as to supply the contents of the two large 
piddle,portion is sterile and develops normally as the septum. Thus, on 
appears that the synangium of Tmesipteris corresponds in 
or Lepidostrobus, being produced on the upper 
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surface of the sporophyll or sporaugiophore, but at some little distance from the base, 
and differing in this respect only in a minor degree from other Lycopods; this points 
towards the homology of the sporangium of the Lycopods and the synangium of 
Tmesipteris, that is, the homology of a single sporangium with a synangium bearing 
two loculi—a non-septate with a septate body. Clearly, before such a conclusion 
could be admitted, it will be necessary to examine the evidence very closely. 

There are three lines of evidence—(i) from comparative anatomy of the plants in 
question; (ii) from comparative study of normal development and mature structure 
of their spore-bearing organs ; (iii) from study of abnormalities. 

(i) I have already shown elsewhere (‘Annals of Botany,’ vol. 7, p. 32-9) that the 
vascular tissues of Lepidostrobus Brovmii show an extraordinary similarity to the 
corresponding tissues of the Psilotacece; it may be stated that this correspondence is 
closer than with any other living plants, closer even than with Lycopodium. The 
affinity of Lepidodendron has always been recognized with the Lycopods; we now see 
that, as regards the vascular system, it is more especially with that outlying group of 
Lycopodinese, viz., the Psilotaceee. 

(ii) The evidence under our second head in support of the homology has been dealt 
with at length in the preceding pages, and need only be again summarized here as 
follows :—(a) the position of the synangium of Tmesipteris, and its origin from the 
upper surface of the sporangiophore (sporophyll), is similar to that of Lepidostrobus or 
Isoetes ; (6) in the general form of the synangium and in the structure of the wall, the 
synangium of Tmesipteris resembles the sporangium of Lepidostrobus Brovmii (compare 
(figs. 93 and 146); (c) the function of the two parts is the same; ( d ) in Isoetes, and 
also in Lepidostrobus , sterile trabeculae, or plates of tissue, run up into the sporo- 
genous cavity corresponding in this respect, though not in detail of outline, to the 
septum of Tmesipteris; (e) the origin of the tissue of the septum in relation to the 
sporogenous tissue is similar in Tmesipteris to the origin of the trabeculae in Isoetes. 
Its origin in Lepidostrobus has not been observed, but there is reason to believe that 
there was similarity in this respect between these two plants. 

(iii) The most interesting evidence is that derived from abnormal synangia of Tmesip¬ 
teris, which show that (a) where the form is simpler, and resembles more closely that 
of the sporangium of Lepidostrobus , the septum may be partially or completely 
abortive, and the synangium be thus replaced by a simple sporangium; (b) it has been 
demonstrated that in such cases the tissue which would normally form the septum may 
develop as tapetum , or even as sporogenous tissue . It is thus seen that there is no 
essential difference between the tissue which may he formative of septum, and that 
which may be sporogenous, since the one can pass on occasions into the other. It will 
he noted that this observation is the converse of what Professor Goebel has demon¬ 
strated in Isoetes ; he there showed that part of a potential arckesporium may be 
sterilized , and develop as trabeculce . • I have now shown the converse, viz,, that 
tissue, which, though similar in origin to the sporogenous tissue , usually forms a 
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septum , may on occasions form spores. The conclusion is that, in dealing with such 
cases, the presence or absence of trabeculae or a septum is a phenomenon of secondary 
moment from the point of view of homology, and, in fact, there is no essential obstacle 
to recognizing homologies, between parts of which one may be partially or completely 
septate, the other non-septate.* 

From the facts and the reasoning thus briefly stated, I conclude that the synangium 
of Tmesipteris is homologous ivith the sporangium of other Lycopodinea ?, the nearest 
correspondence being with Lepidostrobus and Isoetes . It may be looked upon as an 
amendment on the type of sporangium in these plants; their trabeculae, though 
irregular, doubtless yielded physiological, and possibly also mechanical, support. A 
comparatively slight rearrangement and consolidation of the trabecular tissue of 
Isoetes or of Lepidostrobus might result in the complete partition of the sporangium 
into two loculi, as it is seen normally in Tmesipteris; or the converse view is possible, 
viz., that the imperfectly septate sporangia of the type shown in Lepidostrobus or 
Isoetes may have resulted from reduction of completely septate types. This question 
will be discussed later. At present it may be stated that the former view seems the 
more probable. 

The case of Psilotum appears at first sight more difficult; there can, however, he 
no donbt that the synangium of Psilotum is homologous with that of Tmesipteris — 
the similarity of position and structure, and the occurrence of triloeular synangia in 
Tmesipteris (fig. 156), are sufficient evidence of this. Other observers have noted 
variations from the normal triloeular synangium in Psilotum. A reduction of loculi 
to two is not uncommon, though it appears to be frequently the result of mere arrest 
of one of the loculi. In other cases the number of loculi may be increased to four or 
five (Solms, loc. cit., p. 174). From such observations it follows that the number of 
loculi need not affect our view of homology; whether the number of loc uli be one 
(fig. 160), two (fig. 154), three (fig. 156), or four, or five, the synangium of the 
Psilotacese is still homologous throughout, while, as above concluded, it is also 
homologous with the sporangium of other Lycopodinea. 

The presence of the two leaf-lobes, in the fertile leaves of these two genera, is 
doubtless one of their most peculiar features, as well as most difficult to harmonize 
with the condition of the leaf in allied plants. The Lycopodinea are so strongly 
characterized by the simple form of their leaves, that these parts of the Psilotacese 
©all for special attention. It has been repeatedly remarked that the leaves of 
Psilotum and Tmesipteris may appear double, though no synangium may be attached, 
but these cases probably arise by abortion of a potential synangium, and are not to 
be looked upon as double leaves normally produced; in fact the vegetative leaf in 
these plants is normally simple, while the fertile sporangiophore bears lateral lobes; 

* A. sos&ewbat a rmlar case is to Be found in Hie genus fifajas, in which, the single anther may be 
ht If* major, bat only unilocular in N. minor. Eichi^b, * Blutbendiagramme, ’ p, 82. 
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these facts must be accepted as they stand, though the Lycopodinous leaf is else¬ 
where simple, and though it is decidedly exceptional to find sporophylls more 
elaborate in form than foliage leaves of the same plant. It must not be forgotten 
that the origin of the sporangiophore is like that of the foliage leaf, and that in 
Tmesiptens the distinction can only be drawn when the development has proceeded 
to a considerable extent, while the lateral lobes make their appearance later than the 
synangium in both genera, and the synangium appears below the apex of the 
sporangiophore. These are the facts on which the foliar view is based, notwith¬ 
standing the peculiarity of the lobed leaf when mature. 

But, though peculiar, the lobes of the fertile leaves may be seen to serve a useful 
end; here, as elsewhere, the protection of the young synangia is a matter of 
importance; it is obvious that two lateral leaf-lobes would offer more protection 
than a single terminal growth of similar form and size; the result is shown 
for Psilotum, in figs. 139 , 140 , and for Tmesipteris, in fig. 145 , where the synangium 
is closely invested by the protecting lobes. Moreover, it is to be remarked that in 
such cases as these, where the synangia appear as very considerable and bulky 
bodies on the adaxial face of the leaf, the foliage leaf itself being also flattened in a 
median plane, the presence of an extended leaf-apex would be highly inconvenient in 
the packing of the parts in the bud, for the result would be a lax bud, in which the 
individual parts would be greatly exposed. By the arrest of the apex of the leaf, 
and substitution of the lateral lobes, as implied in the hypothesis above put forward, 
a more compact bud is produced, and the synangia are better protected. The arrest 
of the apex of the leaf may, perhaps, be compared with a similar arrest in the flower 
of certain Angiosperms, where mechanical inconvenience has led to abortion of 
stamens or carpels. 

On the ground of the above facts and considerations, I conclude that the 
shoot of the Psilotacese (apart from branching in the ordinary sense of the word, 
which is much more common in Psilotum than in Tmesipteris) is a simple shoot, 
consisting of an axis, bearing sporangiophores and foliage leaves. These alternate 
with one another in irregular zones, and in Tmesipteris the transition from foliage 
leaves to sporangiophores may be frequently repeated, in Psilotum the repetition is 
less frequent. The condition is thus similar to that in Lycopodium Selago with 
its successive sterile and fertile zones. The abortive synangia correspond to the 
abortive sporangia in this and other species of Lycopodium, and accordingly the 
general considerations as regards origin from a simple etrobilus, which were laid 
down, on p. 535 , for the genus Lycopodium , will apply with equal force to Psilotum 
or Tmesipteris . 

CONCLUDING REMARKS. 

In the above pages I have described the results of an examination of the sporo- 
producing members of the strobiloid Vascular Cryptogams, viz., Equisetinem, and 
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Lycopodineae, including Lepidodendvon , Tsoetes , and the Psilotacese. It may here be 
remarked that the prime object which I have kept before me has not been directly to 
trace “homologies” between the parts of various Vascular Cryptogams. It is quite 
an open question whether true phylogenetic homologies are really to be found 
between parts of plants which are so distant from one another systematically as } for 
instance, Equisetum and Lycopodivm; but when plants appear to belong to the same 
natural series, as, for instance, Lycopodium , Selaginellci, Lepidodendron, Isoetes, 
Tmesipteris , and Psilotum , then I think that homologies may fairly be traced between 
their parts. This has not, however, been the first object: the chief end in view has 
been to disclose some main features of the manner in which the advance from some 
Algal-Bryophytic ancestry to the Vascular Cryptogams may have been brought about. 
On earlier pages (p. 485) this question has been first approached by comparative study 
of the Bryophyta, especially the Hepaticse. The conclusions arrived at by Leitgeb, 
the greatest specialist on the minute study of the Hepaticse, as to the probable mode 
of progression from the simpler to the more complex types of these plants, suggested 
the idea that traces of somewhat similar lines of advance might be found among living 
Vascular Cryptogams; and that these might throw some light upon the question of 
transition from the Bryophytes to the more complex vascular plants. Tour questions 
relating to this subject were put forward (p. 494), and we shall now see how far 
answers may be found to them from the observations and comparisons above described. 

(I.) Are sterile cells distributed among the sporogenous cells in any Vascular 
Cryptogams % 

In answer to this we find sterile cells in large numbers distributed through the 
sporogenous masses in Equisetum, Tmesipteris, and Psilotum. The criticism may be 
advanced that this is merely a physiological phenomenon depending on nutrition ; 
but in this I see no real objection, for such physiological phenomena have largely 
affected the course of evolution, and, in fact, morphology should be looked upon as 
little more than the study of stereotyped physiology. In view of the facts ascer¬ 
tained from the Hepaticse, we cannot pass over the existence of these sterile cells as a 
matter of no morphological importance. It is true they do not form firm walls, or 
develop into cells such as the slaters; they are to be compared rather with the 
sterile cells in the sporogonium of Oxymztm (Leitgeb, loc. tit., Heft 4, p. 43). But 
whatever comparisons be drawn, the fact remains that sterile cells in large numbers 
are present in the sporangia of the plants above named.* 

(2.) Do any Vascular Cryptogams show distinct parts which may be correlated in 
position, structure, development, and function with the sporogonial head of Bryophyta ? 

The strobilus of Equisetum is in function the counterpart of the sporogonial 
head ’. its normally terminal position is also similar, though the shoot on which 
it is borne is more complex in structure and in branching. In early stages of 

■' r ‘ ' *, Similar sterile cells are also found, in Ophioglos&um. 
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development it is not unlike certain sporogonial heads, but as development proceeds 
it becomes much more complex, showing first outgrowing sporangiophores, and subse¬ 
quently separate sporangia. While still young, it is possible to recognize superficial 
cells which will give rise to the essential parts of the sporangia, at a time when the 
sporangiophores are only slightly projecting beyond the general surface of the stro- 
bilus. Like most sporogonial heads it is usually sharply limited below, and rarely 
shows the power of branching. Similarly, with Phylloglossum , the strobilus holds a 
position comparable to the sporogonial head, though more complex in structure. Its 
apical growth, while young, is not unlike that of some sporogonia. In most cases it 
is sharply limited below, and is rarely branched. But in Lycopodium and Selaginella 
the strobilus, is not so limited, and, as above explained, there is good reason to believe 
that the chief vegetative region of these plants is the result of sterilization of the 
lower parts of an extended and branched strobilus. Such development would attain 
its highest complexity in the tree-like trunks and branches of Lepidodendron , of 
which the cone {Lepidostrobus) would still represent the fertile portion of the'sporo¬ 
gonial head. In the Psilotacece the strobili are more lax: as above pointed out, 
however, on the grounds of development and histology, as well as general comparison 
of form, we conclude that the case is similar to that of the S'dago type of Lycopodium. 
Lastly, Isoetes may be regarded as a simple strobilus of which certain sterile leaves 
intervene between the fertile ones. In fact, all the strobiloid types hitherto examined, 
will fall in, without undue straining of the idea, with the working hypothesis, that 
the strobilus is the counterpart of a sporogonial head : in function and position the 
correspondence is usually plain enough : the structure, external form, and details of 
development are, however, decidedly more complex in the vascular plants, and the 
correspondence is apparently less close in proportion as the appendicular organs are of 
relatively larger size. 

(3.) Are the sporangia borne in such relation to one another as to suggest a 
common origin by subdivision of simpler parts ? 

In Phylloglossum, Lycopodium , Selaginella, Lepidostrobus, and Isoetes the 
sporangia are isolated, a single sporangium being borne on each sporophyll ; in these 
genera there is in the arrangement of the sporangia no obvious suggestion of their 
having been the result of subdivision of simpler parts. But in Equisetum and in the 
Psilotacese the case is different. Each sporangiophore of Equisetum bears a number 
of sporangia; in the young state these appear sunk in the margin of the slightly 
protuberant sporangiophore; but when mature they project as apparently more 
distinct parts. The younger state may be taken as an indication of the probable 
mode of origin by descent, in which case the view would be arrived at that the 
sporangia of each sporangiophore were originally more closely associated together, 
and it will not appear improbable that they may have had a common origin, the 
tissue now intervening between them having been completely sterilized. But before 
such a suggestion can be seriously considered exact evidence should be forthcoming 
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that sterilization can take place; this will he found in the answer to question (4). In 
the Psilotaceee the sporangia are grouped in synangia, the number of loculi varying 
from one to five; their appearance and arrangement certainly would suggest the idea 
of a common origin, by subdivision of simpler parts. The similarity of the synangium 
of Psilotum to the sporangiophore of Equisetum would indicate that the mode of origin 
of these parts was probably somewhat similar. 

(4.) Is there direct evidence in any Vascular Cryptogam of conversion of potential 
sporogenous tissue into masses of sterile tissue, or conversely of conversion of sterile 
septa into spore-producing cells ? 

Professor Goebel has shown that the trabeculae of Isoetes are derived from a 
potential archesporium ; this I can endorse, and it would, therefore, appear that the 
trabeculae are parts of a potential sporogenous tissue converted into sterile tissue; 
the same appears to be not improbable for Lepidostrobus.* Goebel remarks (‘ Annals 
of Botany/ 1892, p. 858) that he f< would only attach a biological, that is, an 
adaptive, significance to the fact.” My point is that the requirements so well met 
by Isoetes in the formation of its sterile trabeculae, probably made themselves felt in 
other plants with large spore-bearing members, and the adaptations to meet them, 
if successful, would become stereotyped as permanent morphological facts. In 
Tmesipteris also, the normal septum is similar in origin to the sporogenous masses, 
and is undistinguishable from them while young; thus, from the developmental point 
of view it may also be looked upon as a result of sterilization. But, conversely, it 
has been shown that in certain abnormal synangia of Tmesipteris the septa may 
be completely absent, while in others it has been demonstrated that those tissues 
which normally form the septum may become sporogenous ; there is accordingly no 
absolute and essential difference between tissue of the septum and the sporogenous 
tissue in the septate synangium of Tmesipteris. 

Thus, our observations afford answers to the four questions above put forward; but 
it is true that the evidence is neither over-abundant nor conclusive. Those who best 
appreciate, the greatness of the gulf between the Bryophyta and the Vascular 
Cryptogams would least expect it to be abundant. Its value is to be estimated in 
connection with that derived from the Bryophyta; the quotations above given from 
Leit&eb (p. 487, &c.) show that he deemed that the progress of sterilization in certain 
series of Liverworts was demonstrated, while comparison leads to the probability of 
further formation of sterile tissues in such plants as the Anthoceroteae, in which 
elater-Iike cells, similar to those which appear to have undergone consolidation to 
orm the columella, are dispersed through the sporogenous tissue. Somewhat similar 
evidence, though not so cogent, leads to the conclusion that sterilization, resulting in 


•B* swaa is also the case in FruUarm, where “slaters” of trabecular character, and attached at 
formed W siater cells of those which, after division, give rise to the spores. See 
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sterile tissue-masses or isolated sterile cells, lias taken place also among the Yascular 
Cryptogams. Such evidence is of the greatest importance in connection with our 
hypothesis of the origin of the strobilus from a sporogonial head. While I know of 
no facts which present a real obstacle to the acceptance of the hypothesis, a large 
number of facts relating to external form, internal structure, and development, which 
have been discussed in previous pages, fall in with the theory. In the absence of 
more extensive and more direct evidence, therefore, the whole question before us 
must (like so many problems relating to descent) resolve itself in great measure into 
a balance of probabilities. In view of the facts as a whole, it seems to me at present 
probable that the strobilus of the Equisetinece and Lycopoclinew is the counterpart of a 
sporogonial head, such as that seen in the Bryophyta; that it attained its present 
condition by partial sterilization of the originally continuous archesporium, and out¬ 
growth of the isolated parts, together with external protective tissues, as sporangia, 
while there were also formed, probably simultaneously, appendicular organs (sporangio- 
phores and sporophylls), which bear them. That in certain cases (Psilotacese and 
probably Equisetinem) the original sporangia underwent a further subdivision, by 
formation of sterile septa, the result being synangia of various types. Isoetes, and 
probably Lepidodendron, are to be taken as examples of such sterilization resulting in 
trabeculae in place of complete septa. The sterilization thus involved would be 
similar in kind to that which was so ably traced by Leitgeb in the Liverworts. A 
point of special interest in connection with this is the presence of sterile cells in the 
young sporangia of Equisetum and the Psilotacem, scattered through the sporogenous 
masses ; similar cells have been observed by Bostowzew (‘ Becherches sur TOphio- 
glossum vulgatum, L.,’ Kjobenhavn, 1891, p. 28, Plate 2, fig. 5) in the Adder’s- 
tongue, and I have been able to confirm the fact. It thus appears that in Equisetum , 
Psilotum , Tmesipteris, and Ophioglossum, all types in which the sporangia are closely 
associated together so as to form synangia, a considerable proportion of the potential 
sporogenous tissue is sterile, the cells yielding up their substance to nourish their 
fellows, which develop as mature spores. This cannot be looked upon as a mere 
coincidence; it demands careful consideration, both from the physiological and 
morphological aspects. 

From the physiological point of view the sterile cells act the part of a diffused 
tapefcum; they become disorganized, and the substances which compose them are 
taken up into the developing spores. Developmentally they are sister cells with 
those which produce spores,—they are, in fact, potentially sporogenous cells, and the 
question may be asked, why they do not develop as such. It would appear that 
want of nutrition determines the matter, and I think the state of the case is probably 
as follows : these plants have increased the bulk of their potential sporogenous tissue 
beyond the point at which it can be wholly matured, and the result is an arrange¬ 
ment by which the number of spores actually produced can be advanced to the 
largest figure which the plant will be able to ripen. In Psilotum it has been 
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distinctly seen that certain cells of the sporogenous mass first assume denser proto¬ 
plasmic contents, and that the number of these increases up to a certain limit when 
the sporogenous cells separate from one another ; it is probably the condition of the 
plant at the time as regards nutritive supply which will determine this limit, a 
larger proportion becoming sporogenous in a well-nourished plant, and a smaller 
number in an impoverished plant. In this connection, it may be noted that though 
my specimens of Psilotum came from the Glasgow garden, those of Tmesipteris were 
grown in their native country, and both showed the potential sporogenous tissue only 
partially fertile. 

Examining the peculiarity, which these plants share, from the comparative and 
morphological side, it may be noted that in allied forms, such as Phylloglossum , 
Lycopodium , Selaginella, Isoetes, and in most Filicinese other than Ophioglossum, 
the large majority, or even all of the cells of the sporogenous mass form spores; a 
few odd cells may suffer arrest and disorganization, as has been seen in the micro¬ 
sporangia of Selaginella and Isoetes, but (with the exception of the megasporangia of 
the latter genera) the arrest and destruction of a considerable proportion of potentially 
sporogenous cells is not a distinct feature ; this makes the matter still more deserving 
of consideration. 

It has been noted that in the Anthocerotem Leitgeb saw evidence of sterilization 
of tissues, resulting in the formation of the central columella; in addition to this 
there are also present in Anthoceros sterile elaters which originate with the sporo¬ 
genous cells from the archesporium; thus Anthoceros shows both the result of a more 
general sterilization as tissue masses, and individual sterilization of cells scattered 
through the potential sporogenous tissue. Now in Equisetum, Psilotum, and 
Tmesipteris we see plants with sporangia grouped in such a way as to suggest, on 
our general hypothesis, an origin by subdivision of simpler sporangia, the septa being 
a result of partial sterilization; but in addition to this (as also in Anthoceros) sterile 
cells are scattered through the potential sporogenous masses; it is true these cells, 
in the vascular plants quoted, do not form cell-walls as do the elaters of Anthoceros , 
but morphologically speaking, in both cases we have to deal with sterilized cells of a 
potential sporogenous mass, and in both cases the organisms concerned are such as 
give good reason to recognize in the presence of masses of vegetative tissue (columella 
and septa), the results of previous sterilization. In the presence of these cells 
scattered through the sporogenous tissue, I should be disposed to recognize that 
Equisetum, Psilotum, and Tmesipteris show a condition which, with little further 
modification, might lead to further subdivision of their sporangia; this would be 
readily effected by the consolidation of such scattered cells into coherent masses, in a 
manner illustrated by Metzgeria , Anewa, and the Anthocerotese. 

It has been noted that Ophioglossum shows a similar condition : this interesting 
fact will be considered in due course when the Filicinese are under discussion. 

If the reasoning brought forward in the above pages be accepted, the strobiloid 
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Vascular Cryptogams would take a place in the ascending series of vascular plants. 
This was clearly the opinion of Naegeli. But certain other writers have looked 
upon them as examples of reduction : thus Strasbtjrger (‘ Bot. Zeit.,’ 1873, No. 6, 
&c.) contemplated it as probable that the sporangia of Lycopodium and Selaginella 
were the result of contraction of the whole fertile frond of the Ophioglossacese, while 
the synangium of Psilotum represented for him the result of reduction of a whole 
strobilus of Lycopodium. Those also who look upon the Leptosporangiate Ferns as 
the nearest of living vascular plants to the Bryophyta are often disposed to regard 
the strobiloid Pteridophyta as comparatively reduced types : and doubtless some will 
see in the sterile cells scattered through the sporogenous masses of Equisetum , 
Psilotum , and Tmesipteris evidence of such reduction. It is true the Pteridophyta 
at present living are smaller than many of the individuals of former ages : hut their 
sporangia do not show evidence of reduction of type, or of coalescence, as compared 
with their fossil relatives. If the living strobiloid types have been reduced as regards 
their spore-bearing parts, their relatives, the Calamariese and Lepidodendra, must also 
have been reduced; that is, some of the earliest fossil plants of which we have any 
accurate knowledge would have to be looked upon as reduced types, and in the 
descending scale of evolution. This is doubtless possible, but seems to me by no means 
probable; in fact, it is very much like a reductio ad absurdum. Accordingly I con¬ 
clude on this, as also on grounds of general comparison, that the more probable view 
is that the strobiloid types, both ancient and modern, are in the ascending scale of 
evolution, as they must certainly be if our working hypothesis is sound. 

1 have now examined types of all the genera of living Vascular Cryptogams, 
exclusive of the Filicinese. On the latter, rather extensive observations have also 
been made, but I propose to hold back such results as are already in hand till my 
investigations of the Filicinese have been completed. In the meanwhile it may be 
remarked that the main lines of investigation and of argument pursued in the above 
pages will he found applicable also to the Filicinese. 

I do not propose to discuss the results from a more general or from a phylogenetic 
point of view till the close of the remaining part of this Memoir, which will have as 
its subject the morphology of the spore-bearing members of the Filicinese. 

In conclusion it may be remarked that there appears to be good reason, both from 
grounds of comparison and from detailed observation, to believe that one at least of 
the three possible modes of increase in number of spore-producing masses (separate 
archesporia) suggested in the introductory paragraphs (p. 484), has played a part in 
the evolution of Vascular Cryptogams, viz., subdivision and partitioning of an 
originally simple sporogenous mass, by its partial sterilization and formation of septa. 
It is not contended that the point has been actually demonstrated, but the facts 
derived from the study of Tmesipteris , when compared with those relating to other 
Lycopods, and Jsoetes , make this conclusion appear a probable one. It may remain 
an open question how important a part this factor may actually have taken in the 
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evolution of vascular plants : my own opinion is that subdivision has largely, though 
not exclusively, been the means of increase in number of separate archesporia. But 
at least I think that both the general considerations and the detailed facts above 
discussed go far to show that progressive sterilization and partitioning of spore¬ 
bearing members are factors which will have to be taken into account in solving the 
problems of origin and progress of vascular plants. 


DESCRIPTION OP FIGURES. 

PLATE 42. 

Equisetum aroense, L. 

Fig. 1. ftadial longitudinal section of part of a young strobilus, showing two 
sporangiophores in a very young state. (X 300.) 

Fig. 2, Part of an older sporangiophore in radial section, with young sporangium: 

the group of cells shaded corresponds to the cell shaded in fig. 1. 
(X 300.) 

Fig. 3. Ditto, showing the first periclinal division in the outer cell. (X 300.) 

Fig. 4. Ditto; considerably older, and showing cells (x) which are added to the 
archesporium as the result of subdivision of the outer of the two original 
cells. (X 300.) 

Fig. 5. Ditto; older. Cells marked (x) correspond to those in the previous figure. 
(X 300.) 

Fig, 6. Ditto; a good deal older. All the essential parts of the sporangium are here 
initiated. (X 300.) 

Fig. 7. Oblique section through a sporangiophore of age corresponding to fig. 4, so 
as to pass through the axis of the young sporangium in a plane at right 
angles to that of fig. 4. ( X 300.) 

Fig. 8. A section similar to fig. 7. (X 300.) 

Fig, 9. Transverse section through a sporangium of age corresponding to that shown 
in %. 6. (X 300.)' The arrow indicates the side next to the stalk of 
the sporangiophore. 


Equisetum limosum, L, 

Fig, 10* Part of a tangential section of a strobilus, which, traverses the sporangio¬ 
phores transversely, sp, = stalks of sporangiophores. a, b, c = three 
"-’■ } s|H)rang£a cut transversely, and showing extreme differences of size and 
> i • C /' ©omplesity in sporangia side by side. (X 300.) 
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Figs. 11, 12,13. Three sporangia from the same strohilus, cut in median longitudinal 
section, and showing different types of segmentation, together with dif¬ 
ference of bulk. (X 300.) 

Fig. 14. Median section of a rather older sporangium, from near the apex of a 
strohilus. v.b. shows where the vascular bundle is beginning to be 
developed. (X 300.) 


PLATE 43. 

Fig. 15. Median longitudinal section of a sporangium at the base of the strohilus, 
together with the annulus (a.), (x 300.) 

Fig. 16. Tangential section of a sporangium of same age as figs. 11-13. (x 300.) 
Compare fig. 11. 

Figs. 17, 18. Ditto; more complex specimens. (X 300.) 

Fig. 19. Tangential section of a sporangium in a more advanced state. (X 300.) 

Fig. 20. Apex of an older sporangium in radial section. The tapetum (t) is now 
clearly defined, (x 300.) 

Fig. 21. Part of an older sporangium, showing the tapetum ( t .) still a clearly-defined 
band, though the individuahty of the cells is lost; within this the sporo- 
genous tissue, of which certain cells (a) are abortive. (X 300.) 


Phylloglossum Drummondii , Kunze. 

Fig. 22. A plant of Phylloglossum , showing tuber-leaves and strohilus; one sporophyll 
of the latter is at a distance below the rest, intercalary growth having 
taken place in the axis above it. (X 3.) 

Fig. 23. A plant of Phylloglossum grown in the Glasgow Botanic Garden; the 
strohilus is branched into two unequal parts. (X 3.) 

Fig. 24. Median longitudinal section through the plant represented as fig. 8 in ‘ Phil. 

Trans.,’ 1885, Plate 71. a. = apex ; l. = leaf (protophyll); r. =root* 
(X 150.) 

Fig. 25 (i., ii., iii.) Successive transverse sections of the young leaf (protophyll) of the 
plant represented as fig. 10 in { Phil. Trans.,’ 1885, Plate 71. (X 150.) 

PLATE 44. 

Fig. 26. Apex of a strohilus in median longitudinal section showing an initial cell (i), 
two sporophylls (l't"), the latter just beginning to be developed; in con¬ 
nection with V is a sporangium, of which the archesporium (a) consists 
apparently of one celL (X 325.) 

4 c 2 
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Fig. 27. Another section from the same sporangium, showing further segmentations, 
which may have been present in the section shown in fig. 26, but made 
invisible by the method of clearing used. (X 325.) 

Fig. 28. A slightly older sporangium in radial section. (X 325.) 

Fig. 29. An older sporangium, in which periclinal divisions have begun in the cells of 
the wall of the sporangium. (X 325.) 

Fig. 30. Radial section of a sporangium, in which the sporogenous cells are beginning 
to separate, but the tapetum is not yet formed from the inner layer of 
the wall. (X 150.) 

Fig. 31. Transverse section of a young sporangium. (X 300.) 

Fig. 32. Transverse section of a sporangium, of which one-half is shown; the stage 
is slightly younger than that of fig 30. (X 300.) 

Fig. 33. Tangential section of a sporangium, of which rather more than one half is 
shown ; the asterisk indicates the middle „of the sporangium, (x 325.) 

Lycopodium Selago, L. 

Fig. 34. Radial section through a sporophyll (l) at the base of which a sporangium is 
beginning to make its appearance as a slight swelling. (X 300.) 

Fig. 35. A similar sporangium, in radial section, rather more advanced, (x 300.) 

Fig. 36. Ditto, older ; the archesporium is shaded. (X 300.) 

Fig. 37. Ditto, a more advanced stage ; showing very regular segmentation. (X 300.) 

Fig. 38. Ditto, showing a less regular type of segmentation. (X 300.) 

Fig. 39. Ditto; still less regular, (x 300.) 

Fig. 40. Ditto, older; the tapetum (t.) not yet complete. (X 150.) 

Fig. 41. Ditto, older; showing the spore-mother-cells separated from one another, 
but not yet divided into tetrads. (X 150.) 


PLATE 45. 

Fig. 42. Tangential section of a young sporangium of L. Selago ; the cells numbered 
i, ii., iii, correspond to those similarly numbered in fig. 36 (X 300.) 

Fig. 43* Ditto, older, (x 300.) 

Fig, 44. A sma ll part of a similar section from a rather older sporangium, (x 300.) 
Tig. 45. Young sporangium, seen in superficial view. (x 300.) st. = stem; 
L = sporophylL 

Fig. 46, A sporangium of almost the same age seen in transverse section; compare 
the line in fig, 42 ; the archesporial cells are sh&ded in both figures, and 
; wnbered (ii), (x 3b0.) 

Ditto, (X . 800 .) 
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Fig. 48. Ditto, older, before the tapetum is defined, (x 300.) 

Fig. 49. Ditto; balf of an older sporangium in which, the formation of the tapetum 
(t.) is almost complete, (x 300.) 

Lycopodium Phlegmaria , L. 

Fig. 50. Tangential section of a young sporangium, showing the archesporium, 
referable to not more than four, and possibly to two cells, (x 300.) 

Lycopodium cannatum , Desv. 

Fig. 51. Transverse section of a sporangium, so as to traverse the sub-archesporial 
pad ( s.p .); the two ends of the curved mass of sporogenous tissue are cut 
through, and are shaded ; this is intended for comparison with a trans¬ 
verse section of the “ fertile frond ” of Ophioglossum. (X 300.) 

Lycopodium dichotomum, Jacq. 

Fig. 52. Part of the wall of sporangium in section; the tapetum is shaded, (x 150.) 

Fig. 53. The same, showing the point of dehiscence. (X 150.) 

Lycopodium inundatum, L. 

Fig. 54. Radial section of a young sporangium, showing periclinal division in two 
distinct cells; two archesporial cells are shaded. (X 300.) 

Fig. 55. A similar section of an older sporangium. (X 300.) 

Lycopodium clavatum , L. 

Fig. 56. Radial section through a very young sporangium, showing the first periclinal 
division. ( X 300.) 

Fig. 57. Ditto, showing periclinal divisions in two distinct cells, (x 300.) 

Fig. 58. Ditto, older, showing result of periclinal division in three cells; the arche¬ 
sporium thus defined is shaded, (x 300.) 

Fig. 59. Older sporangium, in radial section, with large sporogenous tissue, so grouped 
as to be still referable fco three original cells ; compare fig. 58. (X 300.) 


Fig. 60. Radial section of an older sporangium; st. = the ad&xial side: the sporo¬ 
genous tissue not shaded, it is still referable to the three parent cells, 
the lower limit of the groups being here .unusually irregular. The 
tapetum is shaded. (X 300). 
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Fig. 61. Eadial section of a sporangium, which shows early periclinal divisions of the 
superficial cells; the fate of the inner cells (o, o) is uncertain; v.b. = vas¬ 
cular bundle. (X 300.) 

Fig. 62. Ditto. (X 300.) 

Fig. 63. Tangential section of a sporophyll bearing a sporangium of age corresponding 
to that in fig. 56; the periclinal walls have not yet appeared in all the 
parent cells of the sporangium. ( X 300.) 

Fig. 64. A similar section of an older sporangium; in both of these the archesporium 
is shaded. (X 300.) 

Fig. 65. Part of a tangential section of an older sporangium; t. = tapetum; 

v.b. = vascular bundle; s.a. = sub-archesporial pad ; sporogenous tissue is 
deeply shaded, (x 300.) 

Fig. 66. Small part of the sub-archesporial tissue, showing a process rising upwards 
into the mass of spore-mother-cells. (X 300.) 

Fig. 67. A similar part from an almost mature sporangium; the irregular upward 
processes are now partly disorganized. (X 150.) 

Fig. 68. View of the superficial cell-net of a sporangium, as seen from above. 

(X 300.) 

Fig. 69. Transverse section of such a sporangium traversing the archesporium, which 
is shaded, (x 300.) 

Fig. 70. Transverse section of an older sporangium ; the three rows of parent cells of 
the sporogenous tissue may be still recognized. (X 300.) 

Lycopodium alpinum , L, 

71. Eadial section through a sporophyll and young sporangium. (X 300.) 

72. Ditto, the archesporium shaded, (x 300.) 

73. Ditto, rather older, (x 300.) 

74. Ditto, the cells marked (X) have apparently been derived by extra periclinal 
divisions from the superficial cells, (x 300.) 

75. Eadial section of an older sporangium in which the spore-mother-cells are 
about to separate, The vascular bundle shows a slight extension upwards 
into the stalk of the sporangium. (x 150.) 

PLATE 47. 

Fig. 76. Tangential section through a young sporangium, showing an archesporium 
consisting of twelve cells, which are shaded. (X 300.) 

1%. 77* As upgrowth of the sub-archesporial tissue as a process, which projects 
, between the sporogenous cells. (x 300.) 


Fig. 

Fig. 

Fig. 

Fig. 

Fig. 
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Selaginella Martensii , Spring. 

Fig. 78. Radial section, including apex (ap.), and traversing a young sporophyll (l) 
and sporangium (x). (X 550.) 

Fig. 79. Ditto, rather older, (x 550.) 

Selaginella spinosa , P.B. 

Fig. 80. Radial section through a very young sporangium, (x 550.) 

Fig. 81. Ditto, (x 550.) 

Fig. 82. Ditto, (x 550.) 

Fig. 83. Ditto, (x 550.) 

Figs. 84-86. Ditto, older, (X 550.) 

Fig. 87. Ditto, a good deal older, showing all the essential parts of the sporangium 
together with ligule, and part of sporophyll. (x 300.) 

Fig. 88. Tangential section of a sporangium of about the same age as figs. 84-86 : 

the archesporium is referable apparently to four parent cells. (X 550.) 

Figs. 89-90. Transverse sections of sporangia of two different ages. I . = ligule, 
t. = tapetum, sp. = sporogenous tissue. ( X 300.) 

Fig. 91. Radial section of a megasporangium showing the single tetrad still very 
small, and the rest of the potential sporogenous cells arrested, (x 150.) 

Fig. 92. a-iv. Low-power drawings, showing outlines of the sporangia of various 
species, in radial, tangential, and transverse sections, together with 
parts of the sporophylls : a, b, c, Phylloglossum Dmmmondii; d, e, f 
L. Selago; g, h, i, L. phlegmaria; Jc, l, m, L, inundatum; n, o, p, 
L. carinatum; q, r, s, L. alpinum; t } v, w, L. clavatum. (X 18.) 


PLATE 48. 

Lepidostrobus Brownii , Sohpr. 

Fig. 93. Wall of sporangium from a tangential section of the cone (No. 7 in the 
Museum series of tangential sections): it shows the outer sclerotic series 
of cells ( scl .), with several layers of thin-walled cells within. (X 150.) 

Fig. 94, From a photograph of part of a transverse section of the cone, showing 
three sporangia, with the upward projecting sub-archesporial pad as a 
median ridge (n). (x 4i) 

Fig. 95. From a photograph of a tangential section of the cone. 

Fig. 96. Drawing of a sporangium in tangential section of the cone with its 
sporophyll (sp.), slightly diagrammatic, = sub-archesporial ridge; 
v.b. = vascular bundle; p = processes rising from .the ridge. (X 8.) 
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Fig. 97. Part of a radial section of tlie cone showing a small part of the base of the 
sporangium; r.r. — the sub-archesporial ridge, together with the processes 
(p.p.) which rise from it. (X 40.) 

Fig. 98. The ridge ( r .) as seen in tangential section of the cone (compare figs. 95, 96), 
showing on a larger scale the processes (p.) which project far upwards into 
the mass of spores. (X 40.) 

Fig. 99, A sporangium from the apex of the cone, cut tangentially (compare fig. 95). 

The spor ang ium was not fully matured, and showed very large processes 
(p) springing from the sub-archesporial ridge, and continuous upwards 
towards the upper wall of the sporangium. ( X 40.) 

Fig. 100. Another such, with its sporophyll. (x 40.) Figs. 99 and 100 are taken 
from slide No. 9 of the tangential series in the British Museum. 

Lepidostrobus, sp ., Hough Hill. 

Fig. 101. From a photograph of a Lepidostrobus from Hough Hill, supplied by 
Mr. Lomax, and cut tangentially. The sporophylls and sporangia are 
easily seen, while each sporangium shows a dark process rising from the 
slightly convex sub-archesporial pad, and extending far upwards into the 
sporogenous mass, (x 4-J.) 

Fig. 102. The base of one of these processes seen under a higher power, and showing 
the cellular structure of the lower part, though this structure is lost 
upwards, (x 150.) 


Lepidodendron Brownii , Schpr. 

Fig. 103. Similar section from Sohimper’s smaller cone, in the British Museum, 
showing ridge (r.) and processes (p.p.) (X 20.) 


PLATE 49. 

Isoetes lacustris, L. 

It, — ligule; = velum ; t. = tapetum; tr. = trabeculae; sp. = sporogenous 

tissue; v.b. = vascular bundle. 

Fig. 104. Part of radial section of a plant which has traversed a young leaf in 
median longitudinal section, the upper (adaxial) surface hears a rather 
r 3 gu)ar layer of cellsy as yet not divided periclinally; these are the parent 
cells of the snoranoinm. (X 300.) ' 
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Fig. 105. These cells are represented, in an older state, having divided by both 
periclinal and anticlinal walls; the inner archesporial cells are shaded. 
(X 300.) 

Fig. 106. A similar section, showing addition of cells (x) resulting from repeated 
periclinal division of superficial cells to the archesporium. (X 300.) 

Figs. 107, 108. Older sporangia with archesporium shaded. (X) = cells believed to 
have been added by subsequent periclinal division of superficial cells. 
(X 300.) 

Fig. 1Q9. A much older sporangium, already developing as a microsporangium, in 
similar section, showing the sporogenous tissue as a connected and 
undifferentiated band. ( X 300.) 

Fig. 110. Part of an older microsporangium, in similar section, showing the potential 
archesporium differentiated into trabeculae (tr.) and sporogenous masses 
(sp.), while the tapetum is also clearly defined : at (*) is an extra periclinal 
division in the wall, (x 150.) 

Fig. 111. Transverse section of a sporophyll and microsporangium ; v.b. = vascular 
bundle of sporophyll. Compare tangential sections of sporangia of 
Lycopodium (figs. 33, 43, 64, 65). (x 150.) 

Fig. 112. A microsporangium drawn under low power to show the irregularity of the 
trabeculae. (X 8.) 

Fig. 113. Shows the structure of the trabeculse, as well as their irregularity; the 
superficial layer has developed as a tapetum, which is^shaded. (X 150.) 

Fig. 114. A microsporangium in longitudinal section. (X 20.) 

Fig. 115. The base of one of the trabeculae of an almost mature microsporangium, 
still showing cell-structure in its lower part, but disorganized above. 
(X 150.) Compare fig. 102 of Lepidostrobus. 

Fig. 116. Transverse section of a sporophyll with a megasporangium, from which 
the spores have been removed ; the trabeculse are apparently regular. 

Fig. 117, a and b. A megasporangium which has been so cut as to remove the 
upper wall (a), from which the trabeculae project into the cavity of the 
sporangium; (b) is the remainder of the sporangium, r. — the ridge, or 
sub-archesporial pad, which is to be compared vdth the similar part in 
Lepidostrobus (fig. 94, r.) ; it is from this ridge that the irregularly 
disposed trabeculse arise. (X 4.) 

PLATE 50. 

Tmesipteris tannensis, Berne:. 

Fig. 118. Median longitudinal section of the apex of a strongly growing stem, showing 
an initial cell (x) } but a rather irregular disposition of the segments. 
(X 150.) 
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Fig. 119. Apical meristem of tlie axis of Tmesiptei'is as seen from above: ( x) = initial 
cell, ( o) = secondary initials. (X 150.) 

Figs. 120 (A and B), 121. Young leaves, in radial section of a bud, showing the way 
in which they originate on the axis, (x 150.) 

Fig. 122. A young leaf as seen in transverse section of the axis. (X 150.) 

Fig. 123. A more advanced leaf, probably vegetative; at all events it shows as yet 
no clear indication of bearing a synangium. (X 150.) 

Fig. 124. A very young synangium arising on the adaxial surface of a leaf which is 
closely similar to fig. 123. In this figure, as also in figs. 120-123, the 
basal line is more heavily marked. Compare the later figures also. 
(X 150.) 

Fig. 125. Sporophyll bearing a much older synangium ; the apical cell (x) may still 
be seen ; the basal line is darkly marked as before, and the sporogenous 
masses are shaded. (X 150.) 

Fig. 125, bis. Another specimen of the same, showing very regular disposition of the 
tissues. (X 150.) 

Fig. 126. An older synangium in radial section, (x 150.) 

Fig. 127. A vertical section along a line x, x, as shown in fig. 125 ; l, l are the leaf- 
lobes. (x 150.) 

Figs. 128-130. Transverse sections of sporophylls of successive ages, so cut as to 
traverse the lower sporangium. I, l = leaf-lobes in fig. 130. (X 150.) 

Fig, 131. Transverse section of an older sporangium. (X 150.) 

PLATE 51. 

Fig. 131, bis., a-i, spores from one normal synangium of Tmesiptens; a is the usual ’ 
type; b-i show various abnormal forms, which appear to result from 
incomplete division of the tetrads. 

Lepidostrobus , sp. 

Fig. 132. From a photograph of a transverse section of a strobilus, showing part of 
two sporangia, which have been traversed in a plane above the sub-arche- 
sporial pad, but so as to cut through the sterile projections. These take 
the form of plates, which appear as dark streaks (st), continuous for a 
considerable distance in a radial direction through the sporangium. There 
may be one such streak or plate of sterile tissue, as in the lower sporangium 
of fig. 132, or two less regular ones, as in the upper sporangium. The 
section shown in this figure has been slightly oblique: sp, = spores almost 
mature, 

%. 133. Asinukr section showing three sterile plates (st.), which projected upwards 
into the mass of spores (sp.). 
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Psilotum triquetrum , Sw. 

Fig. 134. Median longitudinal section of a sporophyll. (x 150.) Compare figs. 124 
and 125 of Tmesipteris. 

Fig. 135. Vertical section of a very young synangium, so as to traverse one of the 
three loculi. (X 150.) 

Fig. J 36. Ditto, older. (X 150.) 

Fig. 137. Ditto, older. (X J 50.) 

Fig. 138. Ditto, older, on a lower scale, (x 100.) The cells shaded are the actual 
sporogenous cells. 

Fig. 139. Transverse section of a synangium, rather older than that in fig. 135. 
(X 150.) I, l = leaf-lobes. 

Fig. 140. Ditto, older. (X 150.) 

Fig. 141. Ditto, one sporangium. (X 150.) 

Fig. 142. Ditto, older, (x 150.) 

Figs. 143, 144 illustrate the disorganization of certain cells of the sporogenous tissue, 
without forming spores. (X 150.) 

Fig. 145. Transverse section through a sporangiferous bud of Tmesipteris. ctx. = axis, 
f = foliage leaves, l = lateral lobes, sy. = synangia. (X 20.) 

PLATE 52. 

Tmesipteris tannensis, Bernh. 

Fig. 14fi. Part of a radial section through a mature synangium, showing the groove 
between the sporangia, and the insertion of the septum, (x 150.) 

Fig. 147. Badial section through a mature synangium, showing the vascular bundles. 

(x4 -). 

Fig. 148. Section in the plane of the septum, showing the course of the vascular 
branches up the margin of the septum. ( X 4.) 

Fig. 149. A “ double leaf,” with abortive synangium (sy.). (X 2.) 

Fig. 150. A synangium with the upper loculus abortive. (X 2.) 

Fig. 151. Ditto, with lower loculus abortive, (x 2.) 

Fig, 152. Ditto, with correlative growth, in place of the abortive synangium, inserted 
on adaxial face. ( X 2.) 

Fig. 153. Abnormal sporangiophore (a) in lateral, (6) in abaxial, (c) in adaxial view ; 
sy. probably represents tbe abortive synanginm. (X 2.) 

Fig. 154. A normal sporangiophore from the middle of a fertile zone, (x 2.) 

Fig. 155. A sporangiophore from the limit of a fertile zone, with very small leaf 
lobes. (X 2.) 
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Fig. 156. A sporangiophore with trilocular synangium. (X 2.) 

Fig. 157. Ditto, but less regular, (x 2\.) 

Fig. 158. Ditto, with synangium showing no transverse groove. (X 2.) 

Fig. 159. Ditto, of type shown in section in fig. 164. (X 3.) 

Fig. 160. Ditto, synangium of spherical form, shown in section in fig. 168. (X 3.) 

Fig. 161. Median section through a synangium of type shown in fig. 158, with 
continuous sporogenous mass. 

Fig. 162. Detailed drawing from a similar section, showing the tissue, where the 
septum should normally be present, developing as sporogenous cells (s.) 
and tapetum (£.). (X 150.) 

Fig. 163. Synangium similar to fig. 161, rather more advanced. 

Fig. 164. Synangium similar to that of fig. 159 in radial section, showing no septum ; 
the cavity is filled with sporogenous and tapetal cells. 

Fig. 165. Part of these contents drawn in detail from another section of the same 
series ; the line x, x, shows where the septum would normally be, while 
a chain of sporogenous cells stretches continuously across it. (X 150.) 

Figs. 166, 167. Two transverse sections, the one (fig. 167) higher up, the other 
(fig. 166) lower down in the same synangium. Fig. 166 shows no septum. 
Fig. 167 shows a septum cut through, which, therefore, only extended 
part way downwards into the cavity, from the upper wall of the 
synangium. 

Fig. 168. Transverse section through the spherical synangium shown in fig. 160. No 
septum is present. 

The figs. 132, 133, 161, 163, 164, 166-168 are from photographs kindly prepared 

for me by Mr. J. Reid. 


In conclusion, I wish to acknowledge the kindness of many friends, in contributing 
supplies of material for this and' other kindred investigations. Some of these 
supplies have been already mentioned in the above pages. I cannot here give a 
complete list, but wish especially to mention the repeated kindness of Baron von 
Muller, in forwarding parcels of Phylloglosswm D'rummondii, and to express thanks 
to him, and to all other donors. 
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I. INTRODUCTION. 

Singe the reading of my previous paper (68*), ‘On some New Reptiles from the 
Elgin Sandstone/ several additional specimens have come to me for examination. 
They are all from the Elgin Sandstone, but, with possibly one exception, are from the 
quarry at Spynie, two miles north-east of Elgin. Two of these specimens are new 
forms, representing two new genera, and form the subject of the present communica¬ 
tion. One of them, like alt those in the earlier paper, is in the condition of hollow 
moulds, and a similar mode of investigation has been resorted to, namely, the pre¬ 
paration of gutta-percha casts from the cavities. In the second specimen the bones 
were present, but in a very friable condition; the skull, however, owing to the care 
with which it Was uncovered by Mr. Richard Hall, of the British Museum, is now 
beautifully preserved, and most of the caudal vertebrae are still in situ; but the 
greater part of the rest of the skeleton had hopelessly crumbled away with the 
breaking open of the stone, and, for these parts, the casting process had again to be 
resorted to before the forms of the bones could be seen. 

* These numbers refer to the List of Works, p. 603. 
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n. DESCRIPTION OP SPECIMENS. 

1. Erpetosuchtjs Granti, gen. et sp. nov. (Plate 53.) 

General Remarks. 

The first specimen to be noticed is contained in a small block of sandstone, the 
property of Mr. James Grant, of Lossiemouth, who has been good enough to place 
it in my hands for development and description. The exact locality from which it 
came is uncertain, as it had been used for part of a breakwater before its value was 
discovered; but there is no doubt as to its being from the Elgin Sandstone, and in all 
probability it came originally from the quarry at Lossiemouth, or that at Spynie. 
When the block first came to me it had been broken across in two directions, and one 
piece was wanting. The two portions remaining formed an irregular cube, showing 
on one side some small cavities, which proved to be parts of the vertebral column that 
had been broken across. Another surface, exposed by the breaking open of the stone, 
exhibited several holes, the meaning of which could only be conjectured, and an out¬ 
line which seemed to indicate a transverse section of a skull. 

These remains, like those from Cuttie’s Hillock, are, as already mentioned, only 
represented by hollow cavities; in the present instance, however, this is probably 
due to weathering since the stone was removed from the quarry. 

In order to reproduce the forms of the bones, it was necessary, as in previous 
instances, to split open the cavities, and then, by chiselling away such parts as could 
he best spared, so to expose the hollow moulds that casts could be prepared from 
them. After carefully probing to find in which direction the bones lay, for at this 
time the nature of the specimen was very uncertain, it was decided to split the smaller 
block from end to end, so as, if possible, to open longitudinally a cavity which seemed 
to be part of a skull. 

This operation was successful beyond expectation, for it displayed not only the 
impression of the hinder half of the skull divided nearly vertically and longitudinally, 
hut also a good portion of the vertebral column, surmounted by a row of small pitted 
scutes. Moreover, it was now certain that the anterior part of the skull was in the 
larger block of stone, and its direction was shown by the position of the hinder part, 
so that, after partly sawing through this larger piece of stone, it also was split open 
vertically; and thus was displayed not only the front of the skull, but also part of a 
ramus of the lower jaw. Further development revealed the pectoral arch, with both 
the fore limbs as nearly as possible in their natural positions. It was now evident 
that the skeleton must have been entire when embedded in tbe sand, and the lost 
portiob of the Heck of stone doubtless contained the greater part of the body, with 
the hind limbs and tail, of this exceedingly pretty little reptile, the skull cf which is 
only three inches in length. 
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Description- 

Skull ,—In the descriptions which follow, it will be understood that, for convenience 
sake, the casts are alluded to as if they were the original bones. 

There can be no doubt that the skull, and, indeed, all the parts of this skeleton 
which have been preserved, have a very crocodile-like appearance, although in certain 
points it differs widely from any living crocodile and can only be compared with the 
Triassic Parasuchia. 

Seen from above (Plate 53, fig. 2), the skull is very regularly pear-shaped, being 
broad and rounded in the temporal region, somewhat narrowed posteriorly, more 
rapidly narrowed in front of the orbits, but enlarging again near the front, before 
terminating in a rather pointed anterior extremity. 

In this view, eight distinct openings are seen, namely, a pair of proportionately 
large supra-temporal fossae, the still larger and almost circular orbits, a pair of 
elongated pre-lachrymal fossae, and, quite anteriorly, a pair of small nasal apertures. 
The infra,-temporal fossa is also just visible on the side in this view, making in all ten 
openings. Very little can be seen of the sutures, but there is no doubt as to the 
general position of most of the bones, although their exact extent is uncertain. 

The small anterior apertures, which are doubtless the external nares, are bounded 
in front, and partly separated from each other, by a small bone (or pair of bones) 
which is evidently the united premaxillse. This bone has a somewhat greater extent on 
the oral aspect (fig. 3), and gives evidence of having supported three or four teeth on 
each side. How much of the dentary margin was formed by the premaxillge is not 
certain, but the notch, seen most distinctly on the left side, although to some extent 
due to imperfection, apparently marks the division between it and the maxilla; the 
latter being expanded at its front part and carrying larger teeth. The median, upper 
process of the premaxillge is pointed and wedged into a cleft in the anterior end of 
the large flat bone, which forms the posterior boundary of the nasal apertures and 
nearly the whole of the preorbital upper surface; no definite median suture can be 
seen, but this area is almost certainly formed by the two nasal bones. Towards the 
front a groove is seen passing downwards on each side just behind the nasal aperture, 
which is clearly part of the naso-maxillary suture, and the sharp thread-like line, 
passing backwards from this suture nearly to the orbit, divides the upper from 
the side walls of this part of the skull, and, apparently, also marks the division 
between the nasal and maxillary bones. While the nasal'bones are nearly smooth, the 
frontal, or interorbital region is marked by irregular pittings, which anteriorly become 
ridges and grooves that terminate rather abruptly, and seemingly mark the junction of 
the frontal and nasal bones, but no suture is visible. Posteriorly the rugosities of the 
frontals also end abruptly; the inter-temporal, or parietal region being almost smooth, 
and a little below the level of the frontal bones; this region has a median longitudinal 
crest which posteriorly joins the transverse ridge that marks the hinder boundary of 
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tbe upper surface and. the upper margin of the occiput. The transverse ridge extends 
outwards on each side to the squamosal regioit, and seems to be formed chiefly by the 
parietal bones, which form a comparatively broad band of bone on the upper surface 
behind the supra-temporal fossae, and extend for a short distance on the occiput. 

There is no trace of a pineal fossa. 

A side meiv of the skull (fig. 1) shows the same five vacuities that were seen from 
above; but the infra-temporal and pre-lachrymal fossae are here better shown, while 
the supra-temporal fossa is only just visible. As already mentioned the premaxilla is 
small, and seemi ng ly is restricted to the anterior half of the narial opening, the 
thickened dentary margin which supports the larger teeth, apparently belonging to 
the maxilla. The whole of the side wall of the skull, between the anterior nares and 
the orbit, forms a deep and clearly-defined depression, marked off from the upper and 
lower surfaces by sharp ridges, which meet and form a rounded front a little behind 
the nasal opening. The upper part of this depression is occupied by a thin, wrinkled 
plate of bone, which partly separates it from the internal cavity; and the appearance 
of this, together with the sharply-defined margins, makes it probable that the space 
was occupied by some soft tissue, possibly a gland. A large vacuity at the lower part 
opens into the internal cavity of the skull. The front part of this fossa is doubtless 
formed by the maxilla, as well as much of the flattened surface, seen on the under 
parts; but how far it extends backwards is not seen, and probably the hinder portion 
of this depressed area and the front margin of the orbit are due to prefrontal and 
lachrymal elements, tbe sutures not being visible. 

The upper and side aspects of this skull, behind and including the orbits, have so 
close a resemblance to the same parts in Teleosaurus, that it is in the highest degree 
probable that the bony elements, entering into its construction, occupy the same 
relative positions, hut there are very few indications of sutures to mark their 
boundaries. Judging from the position of the post-palatine vacuity (fig. 3), the 
maxilla seems to extend backwards to about the middle of the orbit (fig. 1), from 
which it is probably excluded by the jugal. The sub-orbital bar divides posteriorly 
into two branches which form the upper and lower boundaries of the infra-temporal 
fossa. The lower branch becomes much attenuated, and its pointed end seems to be 
received into a socket of the bone which forms the lower and outer part of the pedicle 
supporting the lower jaw; the pointed bar is evidently the jugal bone, and the socket 
receiving it is as certainly formed by the quadrato-jugal; the latter bone probably 
forms the outer border of the pedicle, with the quadrate altogether on its inner 
aspect. The upper branch of the-sub-orbital bar, passing backwards, unites first with 


tbe poet-orbital bar, and then with the bones of the squamosal region to form the 
88§rMM$®ral bar, to which is likewise attached the upper end of the pedicle for 
l The .kinder end of the squamosal is pointed .and free, and is not in 
process, as, it generally is in crocodiles. ' 

.of. its structure may'still be deciphered. 
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There is a single bead-like occipital condyle, -with a pit in its middle, and above this 
the foramen magnum is indistinctly seen. On each side a large process passes off 
from the exoccipital region, and that of the right side is seen to extend upwards and 
outwards, so as to overhang somewhat, and come into close relation with, the quadrate 
articulation. This right exoccipital is obscured by two projecting pieces of bone 
which, as there is nothing to correspond with them on the left side, are believed to be 
accidental, and probably are portions of the atlas vertebra pressed out of place 
against the exoccipital. Above the foramen magnum the bone is much broken, 
and there is a considerable space without bone below the upper or parietal margin 
of the occiput. It seems probable that the supraoceipital is wanting, and that the 
bone in place above the foramen is to be attributed to the exoccipitals, which most 
likely meet above the foramen magnum. 

When clearing away the matrix, the impression of a bone was seen passing 
upwards from the side of the cranial cavity, somewhat in front of the exoccipital 
to join the inner and upper part of the quadrate and also the squamosal. The 
wide upper part of this bone, in a back view of the skull, is above and in front of the 
exoccipital process. On comparing these parts with the same region in a crocodile, 
it is clear that this widened part of the hone must have formed the front wall of the 
auditory passage through which the columella passed. In the fossil, however, in its 
present condition, the passage is not completed behind, as it is in the crocodile, by 
the meeting of the squamosal with the quadrate and exoccipital processes. 

The Palate of this skull (fig. 3) differs widely from that of any recent crocodile, 
but approaches the condition found in the Triassic Parasuchia . The greatest 
peculiarity is found in the forward position of the posterior nares, and in the deep 
trough which occupies nearly the entire length of the middle region. The roof of 
the mouth near the premaxillee and the thickened parts of the maxillae, that is to 
say, the part surrounded by the teeth, is slightly arched; but nearly opposite the 
hindermost tooth, the palate is suddenly deepened and a sharply defined trough is 
formed, which extends to the hinder end of the palate, and may indeed be said to 
reach to the basioccipital condyle. This trough is a little wider in the middle than 
it is at either end; anteriorly, the sharp overhauging edges appear to be formed by 
the maxillae, these hones probably extending back as far as the post-palatine 
vacuities (jot. pi.), which lie close to the sides of the hinder part of the trough. It 
is probable that both palatines and pterygoids help to form the inner boundaries of 
the post-palatine vacuities. 

On each side of the trough and extending backwards from the hindermost tooth * 
there is an edentulous, flattened edge almost certainly formed by the maxilla, which 
looks a little inwards and widens at its hinder end, where it embraces the front of 
the post-palatine vacuity. On the outer sides of these edges the under surface of 
the skull forms a wide obliquely flattened area which slopes outwards and upwards 
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to constitute the sharp lower margins of the pre-lachrymal depressions, seen on the 
sides of the skull. 

This oblique area is narrow just behind the teeth (5 millims.) where it is probably 
formed entirely by the maxilla, but widens as it passes backwards, its greatest width 
being opposite the post-palatine vacuity, and directly below the orbit, at which part 
it is probably formed chiefly by the jugal, but no suture between this bone and the 
maxilla is visible. The posterior nares are placed quite at the front part of the 
median trough and below the front half of the pre-lachrymal vacuity; each is about 
13 mi llims . long and 3’5 millims. wide, and is partly hidden in figure 3 by the 
overhanging sides of the trough. There is no reason for doubting that the outer 
and front walls of the posterior nares are formed by the maxillae, and it is probable, 
though not certain, that the premaxillae are shut out by the meeting of the maxillae 
in the middle line. 

The median part of the trough is occupied by a narrow spindle-shaped area, with a 
thread-like border on each side, which extends backwards nearly to the hinder part 
of the pterygoids, where it ends in a point, and forwards, between the posterior 
nares, for at least two-thirds of their length. If this area is formed by a distinct 
bone it can only be the vomer, and it is uncertain whether it is separated from the 
posterior nares by forward processes of the palatines or pterygoids. It is by no 
means clear what share the two bones last-named take in the formation of this 


trough. 

In both crocodiles and lizards the post-palatine vacuity is bounded behind and 
outwardly by the transverse bone, which unites by a T-shaped piece with the 
maxilla and jugal, while the stem is applied to the descending process of the 
pterygoid. A precisely similar bone, occupying a similar position, is seen in the 
present specimen, and is without doubt a transverse bone. Passing backwards from 
this the pterygoids are seen as strong ridges, extending to, and abutting upon the 
basisphenoid, where they are united in the middle line, leaving no indication of any 
inter-pterygoid foramen, such as may be seen in Sphenodon and Phytosaurus 
(Bdodm), The pterygoids, passing forwards, probably form part of the post-palatine 
vacuity, and they seem to extend along the sides of the vomer, perhaps to the 
posterior nares, but it is most likely that the palatines form the posterior, and to 
some extent the inner, boundaries of these apertures, The palatines seem to form 
the side walls of the trough, and are, therefore, largely hidden in this view from 
below; they most likely form part of the inner wall of the post-palatine vacuity, 
and extend forwards to the posterior nares; but the absence of sutures leaves these 
qpoipts uncertain. 


jreturii to the pterygoids, close to their junction with the basisphenoid, each 
-'process, backwards, outwards, and upwards to the quadrate. This 
&emt>resse& from.side to side, but is comparatively deep ; this 
the. becomes a wide and depressed bone, 
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its broad outer end being applied to the under surface of the quadrate. In all pro¬ 
bability mucb of the outer part of this bone is a process from the quadrate, but no 
suture is visible to divide it from the pterygoid. Each pterygoid, therefore, is seen 
to have the characteristic triradiate form, one short limb passing forwards and out¬ 
wards to the transverse bone, a second large and broad process extending backwards 
to the quadrate, while a third process seemingly extends forwards along the trough 
of the palate. 

The palatal surface of the vomer (?) is marked by irregular pits, similar to those 
which usually give attachment to cartilage, and it seems possible, therefore, that in the 
living animal there was a median cartilaginous septum; and this leads to the 
surmise, that possibly the sharp overhanging sides of the trough gave attachment to 
soft tissues, which may have separated this trough more or less completely from the 
general cavity of the mouth. If this were the case, the posterior nares, in the living 
animal, must have been thrown far back, as in recent crocodilia, but with the two nasal 
passages formed by soft tissues, and not by bone. 

The base of the cranium between the occipital condyle and the pterygoid bones, 
gives no indication of its division into basioccipital and basisphenoid; it is concave 
both from before backwards and from side to side. A little in front of the condyle, 
and evidently formed by the basioccipital, there is a pair of rounded processes 
projecting almost directly downwards, and from each of these a ridge passes forwards 
and becomes a long laterally compressed and downwardly directed process at the front 
part of the basisphenoid. Just in front of these processes, the pterygoids are attached 
to the base of the cranium. 

Lower Jaw .—Impressions of both the rami of the lower jaw are preserved, but 
to display either of them from end to end would endanger other parts of the head. 
Nearly the whole of the left ramus is seen, and this shows the form from the front to 
behind the lateral vacuity; while the hinder part of the right ramus is uncovered as 
far forward as the middle of the lateral vacuity. The form of the entire ramus, 
therefore, is known and is represented in the figure (Plate 53, fig. I), the front part 
being drawn from the left side (fig. 4), and reversed. The entire ramus measures 
87 millims. in length, and 10 millims. in height at its deepest part, that is near the 
hinder part of the lateral vacuity. The lower jaw, corresponding with the form of the 
skull, is narrow in front, but the rami diverge considerably as they pass backwards. 
The symphysis is comparatively long, and seems to extend for perhaps 23 millims, from 
the front. The teeth are restricted to the anterior third of the ramus, and eleven may 
be counted on the left side. The external lateral vacuity commences at 39 millims. 
from the front*and is 22 millims. long, while the articulation for the quadrate 
is 14 millims. behind this vacuity, and the hinder extremity extends for another 
14 millims. backwards. Near the hindermost teeth the outer part of the dentary 
border begins to form a lateral ridge, which becomes better defined as it passes back¬ 
wards, and overhanging the hinder part of the lateral vacuity, divides this region of 
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the outer surface into two oblique areas, an upper and a lower, which terminate a little 
in front of the articulation. 

Although the sutures are not all very distinct there are sufficient to show that the 
usual elements are present. The articulare extends on the inner side quite down to 
the lower margin, and appears on the outer surface (fig. 1), where an impressed line, 
extending almost to the lateral vacuity, marks its union with the angulare; the 
latter bone occupying nearly all the triangular area seen, in a side view, below the 
articulation. The surangular extends from below the articulation to the lateral 
vacuity, and over this possibly to near its anterior extremity, being itself overlaid by 
the backward process of the dentary. The lower process of the dentary passes below 
the lateral vacuity, but at what point it meets the angulare is uncertain. There are 
indications of a splenial element extending forwards to within 15 millims. of the 
front of the jaw, but its hinder extremity is not shown. 

Dentition. —The teeth are irregular and vary considerably in size ; hut they are all 
slender, conical, and recurved ; their mode of implantation is not clearly shown, hut 
the evidence, so far as it goes, is in favour of their being in distinct alveoli. The 
largest teeth are 5 or 6 millims. long and 2 millims. thick at their bases; they are 
found in the upper jaw in the thickened part of the hone which I have above referred to 
as the maxilla. Two of these large teeth are to be seen on each side; they are directed 
downwards, backwards, and but little if at all outwards. From the positions of 
these teeth, and from the appearance of the alveolar border, there seem to be spaces 
for four of these large teeth on each side, but possibly they were never all in place at 
one time. Two smaller teeth (about 2 millims. long) are preserved on the right side 
nearly at the anterior extremity, and evidently in the premaxilla; they are, perhaps, 
turned a little more outwards than the large teeth. On the left side the alveolar 
border of the premaxilla is best seen and this seems to show spaces for three or fonr 
teeth, all smaller than those of the maxilla. I have been unable to find traces 
of teeth or alveoli behind the large teeth of the maxilla, although the more extended 
dental series of the lower jaw led one to expect that corresponding teeth would be 
found in the itpper jaw. 


Eleven irregularly spaced teeth may be counted in the left mandibular ramus 
within 25 millims. of the anterior extremity. They differ much in size, but none are 
quite so long as the largest ones of the upper jaw, and some are very small. 

Sectoral Arch ,—The impressions of the greater part of both scapulae, the two 
coracoids, and the upper surface of the interclavicle Have been exposed; they occupy 


natural relations to each other, hut the scapulae have possibly been 
into a more horizontal position than they naturally held. 

9, 9a) is an elongated slender bone, rod-like in the middle, 
^bove, and curved mpqh forward^ at its lower end, where it 




of whieb tefe downwards and 
mg apparently corre- 
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sponds with the process found in a similar position in the scapula of the crocodile. 
The lower edge of this plate is thickened and rough, and is, in part, attached to the 
coracoid, but a space is left between the two bones which was evidently occupied by 
cartilage ; posteriorly this space widens, and both the bones become thicker, thus 
forming the glenoid cavity. A little above the glenoid articulation (7 millims.), on 
the inner aspect of the scapula (fig. 9a), there is a distinct prominence which appears 
to be for the ligamentous attachment of a clavicle, and there is some evidence that 
such a bone existed. 

The length of the scapula from the glenoid cavity to the upper extremity is 
32 millims. From the same point to the anterior extremity 11 millims. Diameter 
of shaft 3 millims. Width at upper extremity 6*5 millims. 

Each Coracoid (fig. 9) is a small quadrate bone about 10 millims. from front to 
back, and 7 millims. wide; it is deeply concave above and convex below, with a 
straight and thickened inner edge. The impressions of both coracoids are seen lying 
just above the inter-clavicle (fig. 14) and very nearly meeting in the middle line ; but 
they are a little out of place, and the thickened edge of the right one looks more 
backwards than inwards, this, however, is partly due to displacement. It is tolerably 
evident that the inner edges of the coracoids were naturally placed at an angle to 
each other and were attached either to the oblique front edges of the inter-clavicle, or 
to a plate of cartilage in relation with the inter-clavicle. The coracoid (fig. 9) seems 
to be attached to the scapula at two points, with an opening between; but whether 
this is accidental, or represents the coracoid foramen, is uncertain. 

The inter-clavicle (fig. 14) is attenuated at both extremities, it is about 35 millims. 
long, and anteriorly has the form of an arrow-head, the widest part of which is 
9 millims. The front is curved a little upwards and its end is bead-like ; for a short 
distance behind this there is a median raised line, and then follows a shallow depres¬ 
sion extending nearly to the hinder end. The probable relation of this bone to the 
coracoids has been alluded to above. 

On the left side, lying in close relation to the scapula, coracoid, and inter-clavicle, 
there is a curved bone which is very suggestive of a clavicle, but the evidence is 
insufficient for any definite interpretation. 

HuTnerus .—The impressions of the greater part of both humeri are preserve I 
(Plate 58, figs. 10 , 10a, 12), and with the exception of the distal articular condyles, 
the form of the bone is well shown. The greatest length is 38 millims.; the width 
of the proximal end, including the pectoral crest, is 9 millims., and the distal extremity 
measures as nearly as possible the same; while the middle of the shaft has a diameter 
of scarcely 3 millims. The bone is somewhat twisted so that the expansions of the 
two extremities are not in the same plane. The proximal articulation is compressed, 
and seems to be continued by a ridge into the large pectoral crest, which extends 
down the shaft to about 16 milliros. from the proximal end of the bone* The upper 
surface (fig. 12) in this region is convex from side to side, and the downward projection 
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of the pectoral crest makes the lower surface (fig. 10) deeply concave. The middle of 
the shaft is almost cylindrical. The upper aspect (fig. 12) of the expanded distal 
extremity is marked by a triangular depression, which is continued between the 
articular condyles, the latter appearing to be very definitely divided; but this part is 
somewhat obscured by the upper end of the tibia. The under surface (fig. 10) of the 
distal expansion is convex, but this gives place to the groove between the condyles ; 
it is in this part that the humeri are most defective, both condyles being absent from 
the bone of the left side, and only one is shown on the right. 

j Radius and Ulna .—The right and left bones are both represented (figs. II, 13), 
but on neither side are they quite perfect, the proximal end in all cases being defec¬ 
tive. Sufficient, however, is preserved on the right side to show that both radius 
and ulna were about 30 millims. long and nearly straight, the latter being larger than 
the former. Proximally the ulna is flattened from before backwards, and the radius is 
rounded, while distaily both bones seem to be laterally compressed. 

Fiyre-feet .— Portions of both the fore-feet are present (figs. 11, 13), that of the 
left side being the more perfect. It is the plantar surface of the left foot (fig. 11) 
which is preserved, and five metacarpals may be seen very nearly in their natural 
positions, the middle one seeming to be the longest. Only a few of the phalanges 
could be traced, although it is probable they were all present, but the coarse matrix 
prevented their being successfully uncovered. It is the upper surface of the right 
foot (fig. 13) which is shown, and here also the five metacarpals are present, but they 
are somewhat displaced. 

Carpal bones are preserved; but, in spite of numerous casts and very close 
examination of the impressions left in the stone, I am unable to satisfy myself as to 
their number. There seem to be four cavities in the stone, one or two of which may 
be the ends of the metacarpals. The cast taken from these cavities may he interpreted 
as two, or perhaps three, ossicles in a proximal row, and one between these and the 
middle metacarpals; but the number is uncertain, and the settlement of this point of 
structure must await the discovery of a more perfect specimen. 

Vertebra. Immediately behind the head are the impressions of a series of vertebrae, 
which have been split open vertically and longitudinally. The twelve anterior 
vertebrae are present in a more or less perfect condition, and (excepting the first) the 
casts taken from their impressions give a very satisfactory knowledge of their struc- 
ture; parts obscured on one side are shown on the other; for example, the centra and 
neural arches are well seen in several instances on the left side (fig. 5), but the neural 
spines are hidden by the scutes which have been pressed down upon them. On the 
right side, however (fig. 6), the neural spines and articulations of all the vertebrae, 
from the second to the sixth inclusive, are clearly seen. There are only fragments of 
&& tenth, eleventh, and twelfth vertebra. 

"When speaking of the occiput, p. 577, mention was made of some fragments, prob* 
a ^ri»hra, pressed against the exoccipital; these are most likely parts 
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of the first or atlas vertebra, but they are too indistinct to give any idea of their form. 
All the succeeding vertebrae, so far as can be seen, are bi-concave. The second or 
axis vertebra (fig. 6) has the neural spine much elongated from before backwards 
(10 millims.), and it overlaps the greater part of the succeeding vertebra; the neural 
arch also extends a little in front of its own centrum, and was doubtless in close rela¬ 
tion with an odontoid bone, not now in place. The centrum is slightly concave in 
front, for articulation with the odontoideum, and rather more concave behind. The 
sides of the centrum are pinched in so as to form a sharp and deep median keel, and 
this character is repeated in all the centra which are preserved. The third vertebra 
has the neural spine narrow from before backwards and almost pointed above, while 
those of the succeeding vertebrae gradually increase a little in antero-posterior extent. 
The neural arch presents, in a side view, a wide, flattened, trapezoidal area, the upper 
angles of which form the anterior and posterior zygapophyses, and these articulations 
are particularly well shown on the right side. 

The union of the neural arches with the centra is best seen on the left side, where 
the sutures may still be traced. Similar neural arches are found as far back as the 
sixth vertebra, but with a slight increase in size. The sixth vertebra shows, just 
above the neuro-central suture and near the middle of the centrum, a tuberosity, 
which corresponds in position with the upper articular process for the cervical rib 
found on the sixth vertebra of a young alligator used for comparison, but it is 
proportionately smaller and does not form a distinct process. 

The seventh and eighth vertebrae are broken and partly hidden, but the ninth 
(figs. 5 and 7) shows the upper articulation for the rib, well up on the side of the 
neural arch, while a lower articular surface is seen just below the neuro-central 
suture and near the front of the centrum; both these articular surfaces agree with 
those found in the corresponding ninth vertebra of the alligator. 

The vertebrae behind the ninth are indistinct, but portions of two dorsal ribs are 
present, and they both have double heads. It is clear, therefore, that each of the 
anterior dorsal ribs had a double articulation with its vertebra, and that the 
positions of the articular surfaces of the ninth vertebra correspond with those of the 
ninth vertebra of the alligator. It is also evident that, passing forwards, the upper 
articulation descends to the neuro-central suture on the sixth vertebra; while this 
suture and the upper articulation encroach more and more upon the centrum from 
the fifth to the second vertebra. Near the front part of the centrum of each of the 
anterior three or four vertebrae a slight rugosity is seen, which may he an articular 
surface for the lower process of the cervical ribbut as the sixth vertebra does not 
show any such lower articulation, it is uncertain whether or not the cervical ribs had 
double articulations. I have been unable to trace any of the cervical ribs. 

Scutes .—A continuous series of closely opposed scutes is seen extending, in the 
region of the neural spines, from the occiput as far backwards as the specimen is 
preserved. In no part can more than two scutes he certainly seen side by side, and 
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it seems probable, therefore, that there were only two longitudinal rows in the 
cervical and early dorsal regions; but as the scutes, which are seen, are all on the 
left side of the neural spines, and it is possible that others may be hidden in the 
matrix, one cannot speak with certainty. All the scutes are quadrate and longer 
than they are wide, the proportion being about three to two, one of the hinder ones 
measuring about 7‘5 millims. by 5 millims.; each has a longitudinal ridge, which is 
rather nearer the outer than the inner margin; and the exposed surface is 
ornamented by distinct pits, which are rounded near the middle of each scute, but 
more or less elongated towards the edges. These pittings have a tendency to radiate 
from the middle of the scute. 

On the outer side of the hindermost pair of scutes (that is the ninth pair counting 
from the front, and overlying the eleventh or twelfth vertebra) there is a fragment 
which looks like a piece of another scute, and this may possibly indicate an increase 
in the number of rows of scutes in the dorsal region. 

Affinities. 

The general form of the .upper part of the skull of this specimen agrees so closely 
with the crocodilia generally and with Teleosaurus in particular, that there can bo 
little question as to these parts being constructed upon the same plan. The form 
and position of the four cavities, so characteristic of the skulls of ordinary crocodiles, 
namely, the two supratemporal fossae and the orbits, are well exhibited in this fossil, 
and there is a similar narrowness of the frontal and parietal regions. The small 
external nasal apertures are placed near the front extremity, hut are divided by hone 
in our fossil, although usually undivided in recent crocodilia. In all these particulars, 
except the last, Teleosaurus approaches nearer to our fossil than do the recent forms. 
The infra-temporal fossa seen on the side of this skull is found also in the recent 
crocodiles, but in them it is not so distinctly divided from the orbit in front and 
from the auditory channel behind. In both these particulars, again, Teleosaurus more 
nearly resembles this fossil, as it does also in the position of the quadrate pedicle. 
The large pre-lachrymal vacuity finds no counterpart in the recent crocodilia; it is 
present in Teleosaurus , although much smaller; but the latter genus has no similar 
depression of the side walls in the vicinity of the vacuity. 

If only the upper part of this little skull were known, the palate, being hidden, 
there would have been hut little hesitation in regarding it as a close ally of Teleo¬ 
saurus ; but the fortunate preservation of so many important features of the palate 
prevents any such reference. The forward position of the posterior nares gives 
the palate a very lixaxd-like character, and is quite unlike any form of Eusuchia or 
Mesosuchia »hut resembles the condition found in that of the Triassic Pcvrasuchia , as 
described by Professor Huxley in his memoir on the Elgin Stagonolepis (17, 18). 
Unfortunately, the skull of the latter genus is very imperfectly known, but still 
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sufficient is preserved (18, Plate 9) to show that there are important resemblances, as 
well as differences, between it and the present specimen. Professor Huxley’s figures 
show a similar divergence from the living crocodilia in the forward position of the 
posterior nares, and absence of any inward growth of the palatines and pterygoids to 
form complete bony channels, such as are found in more recent forms, and which throw 
the posterior nares so far back. The possibility that, in the present specimen the 
nasal passages were carried further back by soft tissues, has been noticed on p. 579. 
Another important resemblance between this skull and that of Stagonolepis is the 
presence of the large pre-lachrymal vacuity. Professor Huxley pointed out the 
affinity with Belodon (Phytosaurus ) which both these peculiarities indicate. Stagono¬ 
lepis has two troughs along the palate, separated by a prominent median ridge, 
formed by the pterygoids and vomers, while in the present specimen there is but a 
single and much narrower median trough, the vomers and pterygoids not being 
prominent, but forming, apparently, the bottom of the trough. The relation of the 
orbit to the pre-lachrymal vacuity and to the infra-temporal fossa, as well, as the width 
of the inter-orbital space, is very different in the two forms. 

The teeth of Stagonolepis are short and stout, with inflated but somewhat 
compressed crowns, and differ, therefore, in a marked manner from the slender, 
tapering, recurved teeth of the present specimen. 

If comparison be made with Phytosaurus (65, 66, 18), similar pre-lachrymal 
vacuities will be found, and the relation of these to the orbits and to the anterior 
nasal apertures will be seen to closely resemble the arrangement of the corresponding 
parts in our Elgin fossil. It is the enormous development of the premaxillary region 
in Phytosaurus which makes the two skulls so unlike in general appearance. The 
supra-temporal fossae in the last-named genus, are not seen as distinctly circumscribed 
openings on the upper surface of the skull, and consequently the hinder part of this 
region has a different aspect in the two forms. 

The palate of this Elgin skull bears a closer resemblance to that of Phytosaurus 
than to that of Stagonolepis , for Phytosaurus has a single median trough, and the 
vomers and pterygoids do not form a median ridge as they do in Stagonolepis . The 
pterygoids in Phytosaurus and in the present specimen have a similar relation to the 
basisphenoid; in both this bone has a backwardly-directed quadrate process, resem¬ 
bling more the lacertilian than the ordinary crocodilian type of structure. In the 
Elgin skull, however, the pterygoids have completely united in front of the basi¬ 
sphenoid, but in Phytosaurus there is an inter-pterygoid foramen, and this is 
important, as indicating a nearer approach to the lacertilian and rhynchocephalian 
condition of the pterygoids than is found in any ordinary crocodilian; indeed the 
resemblance between this part of the palate in Phytosaurus and in Sphmodon is 
remarkable. 

The pectoral arch of this Elgin specimen differs from that of the ordinary croco¬ 
dilian in its more elongated scapula and its shortened coracoid, but in these parti¬ 
al) CCCXCIV.—b. 4 E 
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culars again it resembles Stagonolep)is and Phytosauvus, and seemingly approaches 
the lizards, a shorter coracoid being generally characteristic of the latter group, and 
the elongated scapula is paralleled in the chamseleon. The fore limbs conform to the 
crocodilian pattern, but it is possible that the carpus may prove to be of a more 
generalized type. The vertebrae correspond in a striking manner with those of 
ordinary crocodiles, although it is not certain that there were doubly articulated 
cervical ribs, and the amphicoelous centra again link them on to the Parasuchia. Tho 
ornamented dorsal scutes also point to a similar relationship. 

The above comparison shows most unmistakably that the specimen here described 
is more nearly related to the Parasuchia than to any group of living reptiles, but 
in the form of the upper part of the skull it approaches the mesosuchian genus Telco- 
saums. And further, those points of its structure in which it differs from the 
Eusuchia and Mesosuchia, namely, the forward position of the posterior nares, the 
presence of a pre-lachrymal vacuity, the bi-concave vertebrae, the elongated scapula, 
and the short coracoid,—are just those points in which it resembles Stagonolopis and 
Phytosauvus. There seems no doubt, therefore, that our specimen is most nearly 
related to these two forms, and that its proper systematic position is with them in 
the Parasuchia, whether this group be retained as a division of tho Oocodilia, or 
raised to a distinct order, as suggested by Mr. R Lydekker (‘24, p. 235). It will 
be obvious, however, that the differences in the skulls prevent a reference of the present 
specimen to either of the above-named genera. It is separated from Stagonolepis by 
the structure of the palate, by the different arrangement of the openings on the 
upper surface, and by the form of the teeth. On the other hand, it is distinguished 
from Phytosauvus by its short premaxillary region, by the very different form of the 
temporal region and fossae, by the proportionately large and differently placed orbit ; 
also by the absence of an inter-pterygoid foramen, by the narrowly tronghed palate, 
and by the restricted aim occupied by its teeth. 

I suggest for this reptile the name of Erpetosuchus Granti. 


2. Ornithostjchtts W oodwardi, gen. et sp. nov. (Plates 54, 55, 5G.) 

General Reman'lcs. 

The second specimen to be described is one that was discovered a few years ago 
by the Rev. Dr. Gordon, in the reptiliferous sandstone at Spynie, near Elgin—a 
locality rendered classical by the discovery, in the year 1851, of the celebrated 
Tdevpeton Elgineme. The present specimen was sent by Dr. Gordon to the British 
Museum, and at that time showed the greater part of a vertebral colu mn , with parts 
of the hind limbs; also a series of Bmall scutes, and a lower jaw broken through 
horizontally so as to show several teeth in cross-section. The bones themselves, 
although present, were in. an exceedingly friable condition, and, where broken through 
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by the splitting open of the stone, bad largely crumbled away. Tbe skull, which 
now forms a conspicuous and important part of tbe specimen, was at that time wholly 
concealed, and was discovered in one of the slabs under tbe lower jaw by Mr. 
Bicha iid Hall, of tbe British Museum, who, with bis accustomed skill , disengaged 
tbe greater part of tbe cranium from tbe matrix, and has thus brought to light one 
of tbe most perfect skulls yet found in tbe Elgin Sandstone. Few, even among those 
experienced in developing fossils, can appreciate tbe difficulties overcome by Mr. Hall 
in tbe delicate task of clearing away tbe bard sandstone from tbe decayed and friable 
bone without destroying the specimen itself. 

This reptile was to have been described by Mr. A. Smith Woodward, of tbe 
British Museum, who, when exhibiting it at a Soiree of the Boyal Society, remarked 
on its possible affinities with the Triassic Aetosaurus of Dr. Fraas (56); but a 
plethora of work in other directions prevented his accomplishing this task, and 
hearing that I was engaged upon some fresh material from tbe same locality, he most 
generously gave me tbe opportunity of describing this new and interesting specimen. 
It is with much pleasure that I acknowledge my indebtedness to Mr, Smith 
Woodward for his disinterested courtesy. 

Tbe specimen is now contained in two slabs of sandstone, each broken across, and 
several smaller pieces, all portions of one block which, on being split open, revealed 
tbe parts above mentioned. When tbe animal was buried in the sand the head was 
turned over on the dorsal region, with the nose turned backwards (Plate 54). Tbe 
parts of the skeleton preserved being so nearly in their natural relations to each 
other, it is almost certain that tbe cervical vertebrae and fore limbs were also in 
place, but no trace of them is seen, and as tbe stone has been broken across just at 
tbe front of tbe thorax, there is but little doubt that these parts were contained in a 
piece of stone which has not been preserved, 

Tbe palate was still covered by matrix when tbe specimen came into my hands, but 
the desirability of knowing tbe structure of this region led me to undertake tbe 
hazardous task of uncovering it, and this has now been safely accomplished; a small 
part, however, still remains covered by tbe symphysis of the lower jaw, but to expose 
this would mean tbe destruction of tbe symphysis with several of tbe teeth. Some 
other parts of the skeleton have likewise been further cleared of matrix. Most 
of tbe pre-caudal vertebrae and limb bones were so broken by tbe origmal splitting 
open of tbe stone that only fragments of tbe bone remained, and it was necessary to 
clear out these fragments and take casts from tbe cavities in order to ascertain tbe 
original forms of tbe bones. It is these casts, therefore, which, for tbe most part, 
have supplied tbe material for tbe following descriptions, but the account of the skull 
is taken from tbe specimen itself, tbe bone being well preserved. 


4 F 2 
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Description. 

Skull. —The general aspect of the skull, when seen from above (Plate 55, tig. 2), is 
very bird-like, being broad at the back and pointed and beak-like in front. In a 
side view (fig. 1), however, the premaxillary region is seen to have a considerable 
vertical extent, and the nasal apertures are large and close to the front; moreover, 
the parietal region (fig. 2) is narrow, and there are distinct and completely enclosed 
supra-temporal fossse. The greatest length of the skull, from the front to the quad¬ 
rate, is 115 millims., the width across the quadrates 54 millims. The bone, although 
broken at the edges, is sufficiently well preserved to show the natural form. The 
sutures are well shown in almost every instance, and consequently the elucidation of 
the structure is comparatively easy, although the arrangement of some of the parts is 
peculiar. 

The upper surface (fig. 2) has the bones in distinct pairs from front to back, and 
the various bones are at once recognizable. The small backward processes of the 
premaxillge are wedged in between the front points of the nasal bones, and the latter 
join the frontals by a transverse suture well in front of the orbits. The parietals form 
an obtuse angle anteriorly, which is received between the hinder ends of the frontals. 
A median suture extends throughout the length of the upper surface of the skull. 
There is no parietal foramen. On each side, extending outwards from the hinder 
part of each parietal, is a band of bone, the upper edge of which forms the boundary 
between the upper and hinder surfaces of the skull; it also forms the posterior walls 
of the supra-temporal fossae, and joins the squamosal on each side at the hinder and 
outer angle. This band is evidently formed by the parietals, no suture being visible, 
and it overlaps on each side a post-temporal fossa. The outer boundary of the supra- 
temporal fossa is doubtless formed by the squamosal, which joins the parietal band 
posteriorly, and extends downwards on the outer side of the skull (fig. 1), but no 
suture can be traced between this bone and that, evidently the postfrontal, which 
forms the hinder angle of the orbit, aud is internally united to both the frontal and 
the parietal. The anterior angle of the orbit is also formed by a distinct bone, the 
prefrontal. At first sight this bone seems to extend forwards on the outer side of the 
large nasal bone (fig. 2), but there is a suture near the anterior extremity of the 
frontal bone cutting off this anterior part, which hi a side view (fig, 1) is seen to be a 
forward extension of the lachrymal bone above the great pre-lachrymal fossa. 

A side view of the skull is rendered striking by the large size of the pre-lachrymal 
fossa, by the peculiar form of the infra-temporal fossa, and by the formidable predaceous 
teeth. The orbit is large and narrow inferiorly, reminding one of the orbit of 
Soaphognathus. The large nasal apertures are near the front, and each is enclosed 
by its nasal bone and premaxilla; the junction of the latter with the maxilla is 
proba% hidden by the large tooth projecting upwards from the lower jaw. The two 
largest teeth are evidently planted in the maxilla, which is seen to extend backwards 
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as far as the orbit, and to bear teetb nearly to its hinder extremity. The maxilla is 
excluded from the orbit by the jugal, which itself sends upwards two slender processes, 
one before, the other behind, the orbit, and thus forms its lower boundary. The 
anterior process extends upwards in front of a slender bone occupying the position of 
a lachrymal, which forms the front wall of the orbit, and is continuous with that seen 
above the pre-lachrymal fossa and on the outer side of the nasal bone (fig. 2). The 
posterior upward process of the jugal unites in a similar manner with the bone 
forming the hinder boundary of the orbit, which can only be interpreted as a post¬ 
orbital ; unless it be a long process of the postfrontal, by which its upper end is 
overlaid. The quadrato-jugal, which underlies the hinder process of the jugal, is one 
of the stoutest bones of the side of the skull; it forms the outer angle of the pedicle 
for the lower jaw, and, extending upwards on the outer side of the quadrate, joins 
the squamosal. The quadrato-jugal thus shuts off the quadrate from the side wall of 
the skull. The squamosal is T-shaped in this view, and seems to overlap the upper 
end of the quadrato-jugal; but there is a V-shaped suture a little above this, which 
may indicate a distinct bone. When viewed from behind, the quadrate is seen to 
form about half the width of the pedicle, being overlaid by the quadrato-jugal; the 
latter, however, is narrowed at its lower end, so that the articulation for the lower jaw 
is formed entirely by the quadrate, which, a little above its middle, is pierced by a large 
foramen. Extending upwards, the quadrate reaches tbe point where the parietal 
meets tbe squamosal, and expanding at its upper part seems to be in contact with 
the inner side of the downward process of the squamosal; hut this part is somewhat 
hidden by the matrix. From the lower and front part of the quadrate a broad 
process passes forwards to join the pterygoid (fig. 3). The latter bone will be alluded 
to again, when describing the palate. 

The Occiput (fig. 2) is much broken, but something of its structure may be seen. 
The upper part, as already noticed, is formed by the parietals, and immediately 
below this, in the middle line, is a four-sided plate occupying the position of a supra- 
occipital; but, from its lower part, on the left side, a process passes off to the point of 
the squamosal, and as there can he no question as to this corresponding with the ex- 
occipital process of the crocodile, it is probable that much of the four-sided plate is 
formed by tbe exoccipitals meeting above tbe foramen magnum; and it may be that 
tbe supraoccipita! is represented by the small triangular area at the upper part, 
although the line of separation looks more like a breakage than a suture. On the left 
side, between the exoocipital process and the parietal band, there is a distinct post¬ 
temporal fossa.. On the right side part of the exoocipital bar is broken away, 
revealing a more deeply-seated bone, probably the opisthotie. There are traces of 
bone itx the position which would be occupied by the baskx&ipital, but its form is hv 
no means clearly defined, and its rounded end may not represent an articular condyle. 

The Palate (fig. 3) being partly covered by the lower jaw, could not he wholly dis¬ 
played, and about an inch of it still remains hidden by the symphysis. It is also 
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unfortunate that very little of the sutures can be made out. The quadrate bone 
sends forwards and inwards a large bar, which joins what is clearly a backward 
process of the pterygoid; anteriorly this process is united with a broad plate of bone 
that, with its fellow of the opposite side, extends backwards in the middle line to join 
the base of the skull, and spreads outwards in a broad wing; these parts are, without 
douht, the pterygoid, vhicb closely resembles that bone in the crocodile. From the 
anterior and outer part of this wing, and seemingly separated from it by a suture, a 
small bone passes to the point of union of the maxilla and jugal bones, and there 
spreads out into a T-shape; this must be the transverse bone; and the aperture seen 
in front of it is evidently the post-palatine vacuity. How far the pterygoid extends 
forwards, and how much of this broad plate is formed by the palatine, is uncertain. 
Close to the middie line, and between the post-palatine vacuities, is a pair of elon¬ 
gated apertures, the interpretation of which is not so satisfactory as could be wished. 
These apertures are regarded as the primitive posterior nares thrown far back, but 
they may be secondary nares, brought back to this position by the meeting of palatal 
laminae of the palatine bones; or they may possibly be merely inter-pterygoid vacuities, 
such as are present in Dicynodonts. The front of the palate being hidden by the 
lower jaw, it is not certain but that the posterior nares are further forwards, as in 
lizards and in the form above named Erpetosuclms Ghranti. 

The palate is divided throughout its length, so far as exposed, by a median suture, 
and the bones of the left side are pressed downwards a little, making the division very 
distinct. This suture runs along the bar of bone which divides the posterior nares. 
That the hinder median part of the broad plate which joins the base of the skull, and 
that passing back to the quadrate, as well as that united to the transverse bone, are 
all three parts of the pterygoid there can be little question ; but we are left in donbt 
as to how far this bone extends forwards. If the line seen on the right side (on the 
left, fig, 3), passing between the front parts of the post-palatine vacuity and posterior 
narial opening, is really a suture, then in all probability it marks the anterior boundary 
of the palatine bone, as in Phytosaurus (66, Plates 38, 42). These median apertures 
seem most nearly to agree with the pair seen in the genus just named, which are 
referred to by Professor Huxley as the posterior nares (18, Plate 9, fig. 6), although 
in that form they are in advance of the post-palatine vacuities, as they are in all 
lizards. Among reptiles it is only in the crocodiles, where the secondary posterior 
nares are formed by the meeting the palatines, that they are thrown as far back as 
they are in the present fossil, and occupy a more posterior position than the post¬ 
palatine vacuities; but, excepting this backward position, there are no indications 
that these apertures, in the present specimen, are anything but primitive posterior 
nares; it is only their relative position which raises any doubt, and this to some 
extent finds a counterpart among birds. The longitudinal double bar of bone 
separating these two apertures may be formed by the palatines or by the pterygoids, 
hut more probably by the vomers. In front of these apertures this median bar con- 
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tinues as a narrow double rod, separated from the broad plates on each side, which 
are almost certainly parts of the maxillae ; and if it were quite certain that this 
separation were natural and not due to breakage, this pair of median elongated hones 
could scarcely be regarded otherwise than as vomers; and it would also be pretty 
well demonstrated that the pair of apertures were the primitive posterior nares, an 
interpretation which is here adopted as most probably the correct one. 

The Lower Jaw having been broken through longitudinally, and the upper margin 
being hidden by the maxillae, its form cannot be properly seen, but the accompanying 
figure has been restored from the parts remaining and by careful measurements, so 
that it represents as nearly as possible the true form (fig. 1). The greatest length is 
about 110 millims. It extends some 7 or 8 millims. behind the quadrate articulation, 
but does not reach the front of the muzzle by perhaps 12 millims. At about 25 
millims. in front of the hinder extremity there is a large lateral vacuity 38 millims. 
long, extending a little in advance of the orbit. The anterior half of the ramus is 
comparatively deep, but when seen from below (fig. 8) the hinder part of the 
symphysial region is found to be very narrow, the alveolar margin of this and a11 the 
hinder parts of the jaw being received within the teeth of the upper jaw. An teriorly 
the rami are enlarged to carry the prominent teeth, which bite outside the upper jaw 
at the hinder part of the compressed premaxillary region, and below the posterior end 
of the nasal orifices. At the front each ramus carries, one or more smaller teeth, which 
are received into the deep palate on the inner sides of the premaxillary teeth. The 
alveolar margin being hidden, the number of these teeth is not known. The hinder half 
of each ramus is stouter than the front part, and widens to form the articular surface 
for the quadrate. No sutures can be certainly traced. 

Dentition. —The teeth, although partly broken and hidden by matrix, supply much 
information as to their form and arrangement (figs. 1, 3). They vary in size, but 
are otherwise similar in form, the largest being about 22 millims, in length. Each 
tooth is set in a distinct socket, and the larger ones have quite half their length 
sunk in the jaw; but while the front ones seem to have been firmly fixed, the 
hinder ones appear to have been comparatively loose, some of the hinder maxillary 
teeth being more or less out of their sockets. Several of the teeth are still in place, 
as shown in the figures, and others have been broken across, showing spindle- 
shaped transverse sections. All the teeth, so far as can be seen, are recurved, 
pointed, and compressed, with acute anterior and posterior edges. Some of the 
larger, teeth show the hinder edge of the crown to he serrated throughout its 
length, and the front edge for about half its length. The basal parts of the teeth are 
rounder than the crowns and are not serrated. 

There appear to have been three moderate-sized teeth in each premaxilla, projecting 
about 3 or 4 millims, beyond the alveoli; but there may have been others which are now 
hidden by the lower jaw, from which at this part a large tooth projects upwards outside 
the premaxilla, At the front of the maxilla there is a small tooth directed much 
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mtwards, and following tliis on each side two large sabre-like teeth, passing down¬ 
wards and backwards, with only jnst room between the teeth of the two maxillae to 
’eceive the narrow symphysis of the lower jaw. Much of the crowns of these teeth 
s broken away from the skull, hut those of the left side are preserved in the 
Dpposite block of stone, and are shown restored in the figure. The roots of these 
two teeth are exposed by the breaking away of the outer lamina of the maxilla 
[fig. 1); the hinder one is the largest, its entire length being 22 millims., the .crown 
projecting about 10 millims. from the alveolus (fig. 1 a). The longest diameter at the 
base of the crown is 4 millims. Behind this largest tooth on the left side, six or 
eight alveoli may be seen, some containing broken teeth, and on the right side some 
of the teeth are present, but partly fallen from their sockets. The teeth decrease in 
size towards the back of the maxilla, and none of them was so large as the two 
preserved and figured. 

At the front of the lower jaw there is evidence of two, perhaps three, forwardly 
directed teeth on each side, about equal in size to those of the premaxillse, within 
which they bite, and they extend forwards to about the second premaxillary tooth. 
At the thickened part of each ramus there is the large tooth, which bites outside the 
premaxilla. One of these two teeth being further forwards than the other, it seems 
probable that there were alveoli for two of these large teeth in each ramus; but 
possibly the four teeth were not in place at the same time. Behind the large teeth 
there are traces of others, but nothing definite, the alveolar border being hidden. 

Vertebral Column .—The cervical vertebrae are wanting ; but thirteen pre-sacral, 
three sacral, and twenty-one caudal vertebrae are well preserved in an almost unbroken 
series, and supply all the important vertebral characters of these regions. The centra 
throughout are completely ossified, and the terminal faces of the centra are only 
slightly concave. 

The pre-sacral vertebra had been broken through in two or three directions, and so 
much of the bone had crumbled away that the small portions remaining were 
unintelligible, but, by clearing away the fragments and developing certain parts 
hidden by the matrix, it was possible to take casts which reproduce the greater part 
of both sides of the series, and the right side being the most perfect, is figured 
(Plate 56, fig. 1). 

The centra are all as nearly as possible 11 millims. long, and 7 millims. high ; they 
are pinched in at the middle, but expanded at their articular faces, the edges of which 
are somewhat thickened ,* inferiorly they all appear to be longitudinally keeled. The 
position of the neuro-central suture is shown in the first and fourth vertebrae from the 
sacrum, by the arches being raised from the centra, and in the thirteenth its place is 
marked by a depression. Throughout this series of pre-sacral vertebrae the rib 
articulations are both above the neuro-central suture. The neural spines of this region 
increase in antero-posterior extent from before backwards, the largest seen being 
about equal to the length of a centrum, 11 millims, : thev are as nea.rlv as nofifiihta film 
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same height throughout, 10 millims., and each vertebra, with its centrum and spine, 
has a total height of 24 millims. The pre- and post-zygapophyses are well shown. 
The transverse processes cannot all be seen, but by laying open some of them which 
were near the longitudinal break, we now know the form of the rib articulations 
of vertebrae Nos. 3, 5, 8, 11, and 13. All the costal articulations being above 
the neuro-central suture, these vertebras agree, in this respect, with the corresponding 
vertebrae of living crocodiles ; but they differ inasmuch as some of the anterior ones 
have distinct capitular and tubercular processes, while in crocodiles the corresponding 
thirteen presacral vertebrae have each a single long transverse process which carries 
both the costal articulations. The most anterior vertebra, in the present specimen, 
has the tubercular process nearly as long as the neural spine (8 millims.), it is 
directed upwards and perhaps a little forwards, and its anterior and posterior edges 
are thin and continuous with the pre- and post-zygapophyses; below and in front of 
it is seen the short capitular articulation quite at the front of the neural arch. 
Passing backwards, No. 11 vertebra has the tubercular process shorter (6 millims.) 
and directed outwards and a little backwards; the capitular articulation is still 
distinct. In No. 8 vertebra the two articular processes have united at their bases, and 
the tubercular process is shorter; both articular surfaces may be said to be on the 
short transverse process. No. 5 vertebra shows this character carried still further, and 
the transverse process is a little lower on the neural arch; but there are still two 
articular surfaces. In No. 3 vertebra the transverse process is as long as in No. 5, but 
narrower from before backwards, and, although the end still seems to he bifid, the 
two articulations are close together, if they do not join. 

The Sacrum is composed of three vertebrae, the two hindermost of these are in 
their natural position, and seem to have been firmly united; but the third has been 
pushed out of its place and somewhat broken. Casts of the cavities from which the 
fragments of bone had been cleared away reproduce the forms of these vertebrse and 
their ribs (Plate 55, figs. 4, 5, 6). The centra of the two' united vertebrse have a 
total length of 23 millims., they are flattened inferiorily, and the terminal faces are 
flat. The neural spines are about 10 millims. above the pre-zygapophyses and, with 
the centra, stand about 25 millims. high. The middle spine of the sacrum is the 
broadest, having an antero-posterior extent of 13 millims. The sacral ribs are strong 
quadrate processes, very similar to those of a crocodile, they are directed outwards 
and a little downwards, with expanded extremities, the hinder one being the largest 
and having its wide outer end oblique to the longitudinal axis of the vertebrse 
(fig. 4). This large rib, it is tolerably evident, was attached to the posterior 
extremity of the ilium, which is but little out of place. 

The ant erior sacral vertebra has been troublesome to interpret, as it is not only 
pushed out of place hut is partly broken, and the centrum is not shown. At first it 
was uncertain whether this was part of the sacrum ; and the fact that the centrum 
was not fixed to the * other two, as they were to each other, seemed to militate against 
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this interpretation, but a close examination has convinced me that it is correct. In 
the pre-sacral vertebrae, as we have seen, the transverse processes become smaller as 
we pass backwards, and are very small in the vertebra immediately in front of the one 
now in question, which retains, on the right side, a long and strong process (or 
rib) with an expanded end, quite as long as that of the vertebra next behind it 
although not so stout (Plate 55, fig. 4, sa. 1). The corresponding process of the left 
side has been separated from the vertebra, and is seen in the stone just above the 
ribs of the two hinder sacral vertebrae. The rib of this anterior sacral vertebra must 
have been in close relation to the broad anterior part of the ilium (see fig. 5), which 
would otherwise have been without support. 

Caudal Vertebra (Plate 54) to the number of twenty-one are preserved in a continuous 
series, and much of the bone is present, although in a very friable condition. The 
centra of the more anterior of the caudal vertebrae are very little shorter than those ol 
the sacrum, being, as nearly as possible, equal to those of the thorax (11 millims.), and 
they decrease so little in length in the hinder part of the tail that the twentieth of 
the series measures 10 millims. The height of the centra, however, decreases more 
rapidly, for while the first caudal centrum is about 9 millims. high the twentieth is 
only 5 millims. In form also these centra resemble those of the thorax, but the 
inferior part is rounded and not keeled, and their articular faces are oblique to the 
long axes. Neural spines are exposed at both ends of the series, and also in the 
middle, the front one being about the same height and width as those of the sacrum 
(it millims.); but while they gradually decrease in width they rapidly increase in 
length to the fifth, which stands 16 millims. above the zygapophyses, and with the 
centrum has a total height of 30 millims. Passing backwards from this point, the 
spines gradually shorten, the eleventh being 13 millims. and, with the centrum, 
26 millims. high, while the twentieth spine is 8 millims. and, with the centrum, 
15 millims. high. 

The chevron bones fire long and slender, and about sixteen of them are exposed; the 
anterior one is not less than 40 millims. long, and its proximal end is near the junction 
of the first aud second caudal centra, but it may be somewhat out of place, for it is 
the third caudal centrum which first shows a distinct articular surface for a chevron 
bone s and this is at its hinder end. The transverse process of the first caudal projects 
about 10 millims. from the centrum, it is flattened and has an antero-posterior width 
of about 5 millims. at the base, but expands to 7 or 8 m illim s., and is rounded 
distally. The transverse processes of the next three vertebrae are somewhat longer 
and the width is maintained if not exceeded; beyond this they become narrower, 
and apparently shorter towards the end of the tad, but they are not clearly shown. 
All the transverse processes, so far as they can be traced, have a ridge on the under 
surface from base to apex, and a corresponding groove on the upper surface. On the 
first caudal vertebra these processes arise from the lower part of the neural arch and 
from the centrum,and project directly outwards; but in the succeeding vertebrae 
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they ascend the arch, so that on the sixth vertebra they are nearly on a level with 
the base of the neural spine. From this point backwards they remain practically 
in this position, but are directed more and more upwards. 

Close under the transverse process of the anterior caudal vertebra there is a 
distinct tubercle on the side of the centrum, and a similar tubercle may be seen on 
the two or three succeeding vertebrae, but gradually getting lower down on the 
centrum. These tubercles are distinct on the left side, but less so on the right. 

The Ribs are represented by a few slender bones seen below the thoracic vertebrae 
(Plate 56, fig. 1), but they arc too imperfect to supply any satisfactory information ; 
close to the anterior vertebrae of this region, however, there are some fragments, one of 
which is clearly the proximal part of a rib with a distinct double head, such as would 
have articulated with the distinct capitular and tubercular processes of the thirteenth 
vertebra above described. 

In front of the pubis and close to the edge of the block of stone (Plate 54) are a 
number of still more slender bones, which, from the manner of their meeting to form 
an acute angle, directed forwards, it is evident are abdominal ribs, but these also 
are too indefinite to allow very much of their structure or arrangement to be distin¬ 
guished. 

Pelvis .—The fragments which represented the bones of the pelvis and hind limbs 
were found to be insufficient to give any just idea of their form, and it was deemed 
best to clear them away and make casts from the cavities, as in other instances. The 
result has fully justified the attempt, the casts having reproduced the forms of the 
bones of the greater part of the pelvis, as well as those of the hind limb and foot, in 
greater detail than could have been anticipated. 

The ilium (Plate 56, fig. 3) of the left side is shown, but it is thrown somewhat out 
of its natural relation to the other pelvic bones; and, as it is the ischium and pubis of 
the right side (Plate 56, fig. 4) which are best exposed, the precise mode of union 
of the three elements is not clear. The ilium is small compared with the other two 
hones; its greatest length being 46 millims., while that of the ischium is 52 milium, 
and that of the pubis 70 millims. The ilium extends for about half its length behind 
the acetabulum, and is at this extremity acutely pointed; anteriorly it is obtusely 
angulated, slightly inflected above, and extends but little in front of the articular cup. 
The concave outer surface is definitely marked off from the acetabulum, which is a 
deep excavation bounded internally by bone; but it is not certain whether it was 
completely closed or perforated. Both before and behind the acetabulum there is a 
short process, the ends of which were apparently articulated to the ischium and 
pubis; and it seems alm ost certain that both these bones combined with the ilium to 
form the acetabular cup. 

The isehia are both preserved; the inner side of the left one is seen in close 
relation with the left ilium (fig. 4), hut it is partly hidden by the corresponding bone 
of the right, side, which is the one best preserved, and shows the external surface; its 
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greatest length is 52 millims. The proximal end of the ischium is wide (22 millims.), 
its upper part being thickened to form an articular surface for the ilium and part of 
the articular cup, while the lower part is thin, forming a broad plate which unites 
with a similar plate of the pubis. At about 18 millims. from the proximal end there 
is a distinct obturator process, behind which the bone is reduced to about 8 millims. 
in width and not more than 3 millims. in thickness. The narrowest part of the bone 
(6 millims.) is at about the middle of its length. Posteriorly the bone curves inwards 
and upwards, and widening again to about 8 or 9 millims., terminates by a rounded 
spatulate extremity. 

The pubis (fig. 4) is 67 millims. long, it is broad proximally like the ischium, and 
has a similar width, with the upper part thickened for articulation with the ilium, and 
the lower part thin where it unites with the ischium. The upper thickened part is 
pro ximally about 14 millims. wide; but this is rapidly reduced, its distal half being 
only about 3 or 4 millims. thick as seen from the side. The inner parts of both pubes 
have been broken away by the splitting of the block of stone, but it seems probable 
that the distal half of each of them was flattened from above downwards. A distinct 
ridge separates the proximal thickened part from the thin plate below; this ridge, at first 
directed downwards, gradually turns outwards, and becomes the external edge of the 
distal half of the bone. The thin lower plate of this bone has a peculiar form ; 
proximally where it evidently joined the corresponding plate of the ischium, it 
is directed downwards and a little inwards; passing forwards it widens, projects 
more inwards, and gets more towards the inner side of the thicker and upper part of 
the bone; this change continuing, the thin plate forms a scroll, which, at a distance 
of about 20 millims. from the proximal end, comes to be altogether on the inner side 
of the pubis, and seems to have been continued into a spatulate distal termination. 
In other words, as we trace the distal transversely flattened part of the pubis 
proximally, its inner part gradually turns downwards, so that its inner margin becomes 
the lower edge, where this plate joins the ischium. To what extent the inner edges 
of the pubes met in the middle line cannot be ascertained. 

Hmd Limb .—Parts of both hind limbs are preserved (Plate 56, fig. 2), and it is 
evident that the skeleton, even to the small hones of the toes, was still connected 
by ligaments when it was buried in the Elgin sand. The lower part of the right 
tibia and fibula, together with the right foot, are wanting, having been destroyed in 
the process of splitting open the block of stone. Casts from the cavities in the stone 
have been prepared which reproduce all the parts of the limb now to he described. 
But it should be noticed that although the cast which has been figured (fig. 2) shows 
nearly all the bones described, the continuations of some of them, as well as a few 
bones not shown by this cast, are present on the opposing block of stone, and all these 
are represented in their proper position in this figure, by unshaded outlines. 

l%e femur of the left side shows the form of the proximal end, and the full length 
of the bona $ that of the right side has the distal hall* exposed. In general form this 
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femur closely resembles that of the Alligator Mississippiensis, which. I have for com¬ 
parison ; it is, however, more slender, the trochanter is not so well marked, and the 
preaxial roughened protuberance is more prominent than in the alligator. The 
greatest length is 87 millims., the width of both extremities is the same, 16 millims. 
On the under surface of the fibular condyle (fig. 5) there is a small prominence, which 
may be altogether accidental, but, seeing that it occupies the position of the crest 
found in birds and Dinosaurs, which articulates between the tibia and fibula, it deserves 
to be noticed, as it may prove to be of morphological importance. 

The tibia and fibula of the right side are only represented by pieces of their 
proximal ends, which are seen close to the right femur. The left tibia and fibula are 
also present, but they want their proximal ends. Although neither of these bones are 
complete, yet it is clear that they were but little, if at all, shorter than the femur. 
Both ends of these two bones are enlarged, much as they are in the alligator, but 
they are too imperfect to speak about very definitely. 

The tarsus is represented by two bones, one of which is in contact with the distal 
end of the bone referred to as the left tibia, and is, doubtless, the astragalus; 
it agrees better with the astragalus of a crocodile or lizard than with that of any 
Dinosaur. The second tarsal bone is merely a small ossicle which may have belonged 
co the distal row. 

The hind foot of the left side is preserved in a most unexpected manner; but that 
of the right side, as well as the greater part of the right tibia and fibula, is wanting, 
and the position and direction of the pieces of the latter which are preserved make 
it very unlikely that any of the right foot-bones are mixed with those of the left; 
and further, the position and relations of the phalanges of each of the left toes show 
unmistakably that they belonged to one digit, and for the most part look as if they 
were Btill united by their decaying ligaments. There are five metatarsals, and these 
are numbered in the figure (Plate 56, fig. 2), in accordance with their gradually 
decreasing stoutness, hut partly also on account of the number of phalanges in 
relation wibh them. Thus it will be seen that number 1 is the stoutest metatarsal, 
and number 5 the most slender. The second, third, and fourth metatarsals, however, 
are longer than the first or fifth* Metatarsal 1 has close to it two stout phalanges 
(a 1, a 2), the terminal one being ungual. Metatarsal 2 has three phalanges (b 1, 
b 2, b 3) close to its distal end, the last being ungual. Metatarsal 3 has no 
phalanges quite close to it, but it is evident from their size that the four rather 
smaller ones (c 1, c 2, c 3, c 4), which are close together, curled in a ring, belong to 
the third digit, the terminal phalanx of which was ungulate. Metatarsal 4 has near 
its extremity one phalange (d 1), while a little below this there are three small ones 
(d 2, d 3, d 4) in a series, and on the opposite block of stone, but continuing the 
series, is another very small one (d 5), making in all five phalanges to this fourth 
digit. In the cast figured metatarsal 5 has no phalanges near it, but, on the 
opposite block of stone, its counterpart is shown with two phalanges (el, e 2), in a 
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line with it, but somewhat separated, and these are indicated in the figure by 
unshaded outlines. The second phalange of this fifth digit hais an articular surface 
at its distal extremity, and consequently there must have been at least one other 
phalange. This foot, it will be seen, agrees with that of modern lizards in 
having five digits, and also in the number of phalanges in the first four digits, 
and probably in the fifth also ; namely, in the first 2 phalanges, in the second 3, in 
the third 4, in the fourth 5, and in the fifth certainly 3, and very likely 4 
phalanges. 

Scutes .—Upwards of forty scattered scutes may be counted above the vertebrae, 
between the two extremities of this specimen. The majority of these are more or 
less oval in outline, and several show signs of having been keeled. No definite 
markings can be seen on those of the caudal region, but two or three in the 
neighbourhood of the thorax and skull are ornamented with more or less distinct 
tubercles and radiating ridges (Plate 55, fig. 7). The oval outline of most of the 
scutes shows that they were not in close relation, but somewhat separated from each 
other; several, however, have one side straighter than the other, and this may 
indicate an arrangement in pairs although not united. In the front dorsal region 
there are several scutes having a more quadrate outline, and these may have been 
closer together; but there is no evidence of overlapping or of their having been 
definitely in contact with each other. 


Affinities. 

The pointed and beak-like extremity of the skull of this Elgin reptile, especially 
when seen from above, as well as the large pre-lachrymal fossas gives it a very bird-like 
appearance; but the similarity is only superficial, the details of its structure being 
more reptilian that avian. This skull has some resemblance to that of the 
Pteroaaurian, Scaphognctthus ; both having a large pre-lachrymal fossa, and a similarly 
disposed jugal bone; the supra- and infra-temporal fossae are likewise present in both, 
and the teeth are not very dissimilar; but in the form of the palate and other details 
the two differ widely, and still greater differences characterize other parts of the 
skeleton. 

This Elgin fossil before it was fully freed from the matrix was referred to by Mr. 
Smith Woodward as a new genus of Aetosaurian reptile, and the si mil arity, in many 
respects, between the two forms is obvious; but now that its structure is more clearly 
seen, important points of difference are observable, the significance of which will be 
best appreciated after a closer comparison. If the figures of Aetosaurus > given by Dr. 
OsgarEbaas (56), be compared with ours (Plate 55, fig. 2) the two skulls will be found 
to agree in having paired frontals and parietals, as well as in the absence of a parietal 
foramen. In both also there are double and large anterior nasal openings, between 
wbrnh s*ad the orbits are the large pre-lachrymal fossae. The palate of Attosaurus is 
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not figured or described, which is the more to be regretted as it is an important point 
in the structure of these early forms of reptiles. Dr. Fraas however says (56, p. 13) 
“Die 3 Knochen, Zwischenkiefer, Nasenbein und Oberkiefer, umschliessen die vordere 
ovale Hohle, Nasenhohle, welche nach unten offen zugleich das grosse Foramen incisium 
bildet,” and this apparently indicates an anterior position for the primitive posterior 
nares, as in lizards. 

Aetosaw'us differs from the present specimen in having broad parietals instead of 
narrow ones, with the supra-temporal fossae pushed outwards quite to the sides of the 
skull. Moreover the parietals do not, by a lateral process, bound the supra-temporal 
fossae posteriorly. In the Elgin skull there is a distinct and peculiar infra-temporal 
fossa, but nothing of the kind is shown in the restored figure of Aetosaurus (56, 
p. 12). If this restoration is correct, the absence of an infra-temporal fossa is a very 
distinctive feature ; but both the skulls figured by Dr. Fra as on plates 2 and 3 seem 
to show a part of such a fossa, and if this be so, then the two forms will prove to be 
more nearly related than they now appear to be, judging from the restored figure; and 
one of the chief characters excluding Aetosaunts from the Parasuchia will vanish. 
The teeth of Aetosaurus are uniform in size, with the crowns enlarged, somewhat as 
in Stagonolepis ; in our specimen the teeth vary much in size and their crowns are not 
enlarged. 

The vertebrae of Aetosaurus are said to be concave anteriorly and convex posteriorly, 
but only a few of them are seen, and those figured do not cleai’ly show this proccelous 
character. The pelvic bones are not alike in the two forms, which differ also 
in the number of the phalanges in each digit of the foot, so far as these can be made 
out. Although the ornamentation of the scutes in the two animals is very similar, 
yet their arrangement differs widely, for while Aetosaurus has the body completely 
encased in its closely locked armour, there is only a double row of dorsal scutes in the 
present specimen, and these are separated from each other, except perhaps in the 
front part of the body. 

If Aetosaw'us should be found to agree with the present specimen in the 
possession of an infra-temporal fossa and bi-concave vertebrae, yet the other differences 
between the two forms would suffice to separate them at least generically; but 
Aetosaurus could hardly then be excluded from the Parasuchia. 

The only forms from the British Trias, excepting the Parasuchia, which will be 
referred to later on, that need be noticed are the compressed and serrated teeth 
referred to Teratosaurus (= Zanclodon) y Cladyodon } and PalcBosau'rus (60, 67); 
and even if the resemblance between these and the teeth of our specimen were 
greater than it is, one would scarcely be justified in referring the latter to any one of 
those genera, which have been founded upon teeth only, and all represent animals 
of much greater size. Zanclodon , besides being much larger, has both edges of the 
tooth-crown serrated throughout, while the teeth of the other two genera although 
agreeing with those of the Elgin fossil in the restriction of the serration on the 
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anterior edge to its distal half, differ, the one in being much larger, and the other in 
having a much rounder section. However, the similarity between these teeth 
suggests the possibility of the Elgin fossil belonging to the same group of reptiles, 
and certainly it presents many points of resemblance to some of the Theropodous 
Dinosauria. The skull of Meyaiosaurus , if it has been correctly restored, and that of 
the American Ceratosaurus , notwithstanding their much greater size, seem to be 
constructed upon the same plan. (Compare Plate 55, fig. 1, with Marsii, ‘ Am. Journ. 
Sci.,’ 1884, vol. 27, Plate 8, fig. 1.) There are similar supra-temporal fossoe and the 
four lateral apertures, with the bones arranged on the same plan; the teeth are 
compressed and serrated, they also vary much in size, and the quadrate is similarly 
directed obliquely backwards. The palate of Ceratosaurus is not figured by Professor 
Marsh, and the description does not give the position of the posterior nares. Other 
parts of the skeleton of Ceratosaurus are less like the Elgin specimen than are those 
found in the much smaller Dinosaur Anchisaurus , more recently made known from the 
Trias of Connecticut (64), the skull of which is only slightly larger than that of our 
specimen, but although constructed upon essentially the same plan as that of Cera- 
tosaurus , is less like the Elgin form inasmuch as the quadrate is set obliquely down¬ 
wards and forwards, while the teeth are uniform in size, and of a different shape. 
The pelvis of the Elgin specimen makes, perhaps, a nearer approach to that of 
Anchisaurus than to that of any other Dinosaur; but the ilium, having but little 
pre-acetabular extension, retains more of the crocodilian character ; while the ischium 
and pubis, in their large proportionate size, resemble those of Anchisaurus. The 
femur of the Elgin specimen, as we have seen, is crocodilian in form, and is not half 
the size proportionately of that of Anchisaurus. The astragalus of the latter genus 
is described as attached to the tibia in true Dinosaurian fashion, while in our 
specimen it is a separate bone and more like that of a crocodile or lizard. 

The general resemblance which the skeleton of the little Compsognathus (79) bears 
to our specimen is very striking, especially as their position in the stone is so alike 
and its affinity to the Dinosaurs above noticed leads one to expect similarities of 
structure. A close comparison, however, does not indicate a nearer relationship to 
our fossil than was found in Anchisaurus. The skull of Compsognathus is broke] i, 
but was probably formed on the same plan as that of our specimen ; the teeth are 
slender and conical, not compressed and serrated. The greater proportionate length 
which the tibia bears to the femur, and the hind limb bears to the rest of the 
skeleton, is unlike our fossil; and then again the astragalus is said to be firmly 
attached to the tibia. 

If we turn to the Parasuchia, we find that the obvious characters of our speci¬ 
men prevent its reference to either of the known genera, namely, Stagonolepis, 
Phytosawrus, Parcusadws, and the above described Mrpetosuchus; yet it presents 
many of the characters which distinguish that group of reptiles. The skull has a 
large pre-lachrymal vacuity and distinct supra- and infra-temporal fossae; the primitive 
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posterior nares, if my interpretation of tbe palatal apertures be correct, are placed 
only a little further back than they are in Pkytosaurus; the vertebral centra are 
slightly amphicoelous; the ilium is of crocodilian type, although not so high as in 
Stagonolepis, and projecting a little more forwards, while the ischium and pubis 
are elongated bones approaching in form those of certain Dinosaurs. The limb bones 
seem to be of crocodilian type, and there is a row of dorsal scutes apparently in a 
double series. These characters, it will be seen, are essentially those laid down as 
characteristic of the Parasuchia by Professor Hijxley, who, at the same time, 
pointed out (18, p. 41) how the “Parasuchia, in those respects in which they 
differ from the Mesosuchia, approach the Ornitkoscelida and the Lacertilia ” (especially 
Sphenodon). The many points of resemblance between the Parasuchia and certain of 
the forms usually included among the Dinosauria, have also been noticed by other 
writers ; and the difficulty of separating the two groups is increased by a study of this 
new Elgin reptile, which holds, as I think, a more intermediate position between the 
two series, than any form hitherto described, for although the characters of its skull 
and teeth find their nearest counterpart among the Dinosaurs, and tbe pelvis and 
limbs might belong to either a Theropodous Dinosaur, or a Parasucbian; the form 
of the free astragalus is more Crocodilian than Dinosaurian, While acknowledging 
the difficulty of assigning this new reptile to either of these groups, it seems most- 
in accordance with the facts to place it provisionally with the Dinosaurs. 

Whatever doubt there may be as to the precise affinities of this most interesting 
reptile from the Elgin Sandstone, there will be none as to its being generically 
distinct from any known form, and I propose therefore to name it Omithosuchus 
Woodwardi, 


3. Note on some Fragmentary Specimens. 

Besides the specimens above described, I have received four others, all obtained 
from the quarry at Spynie, which, although too imperfect to allow of precise deter¬ 
mination, should not be altogether passed over, more especially as the quarry, I am 
told, is now closed, and new specimens from this locality are not likely to be dis¬ 
covered for some time to come. 

1. The first of these specimens was obtained by Dr. Gordon. It is contained in 
the two halves of a block of stone, which, when it reached me, weighed somewhat 
more than half a ton. Obliquely across the broken surfaces of this stone, for a 
distance of about twenty-four inches, a series of vertebrae could be traced, each about 
three-quarters of an inch long, while lying across these were many slender bones, 
evidently abdominal ribs, together with a few other bones, apparently dorsal ribs 
At each end of this series, portions of bones could be seen on the sides of the block, 
and it was hoped that with patience the limbs and skull might be displayed, but 
these hopes have not been realized. The bones have been much crushed and partially 
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dissolved, while they are, for the most part, so nearly the same colour as the matrix, 
and so intimately incorporated with it, that their forms could not be deciphered. At 
one end, portions of the pelvis and of a femur may be seen; and, at the other, there 
is part of a skull, but these are so fragmentary and indistinct that I have been quite 
unable to satisfy myself as to the relationship of this fossil. 

2. The second specimen was secured by Mr. H. H. Howell of the Geological 
Survey. It is in several pieces, and comprises a few portions of vertebra) with centra 
less than three-quarters of an inch long, fragments of pelvic bones, and, extending 
outwards from these on each side, a femur which may have been six inches 
long. A few slender bones are seen, which look like abdominal ribs. This fossil 
may be part of a Stagonolepis, but there are no scutes to be seen. 

3. The third specimen was likewise obtained by Mr. H. H. Howell. It is 
part of a small reptile, the bones of which have been dissolved out; it shows 
part of the vertebral column, traces of the pelvis, and a very perfect hind limb, the 
bones of which were remarkably stout for their length. The femur, tibia, astragalus, 
five metatarsals, and one or two phalanges are very nearly in their natural positions, 
but the fibula is somewhat displaced. The cavities left by the vertebrae are too much 
broken to give a definite idea of their shape, but the deeply bi-concave character of 
their centra is well seen. Four vertebrae together measure 25 millims. The lengths 
of the other bones are: femur, 32 millims.; tibia, 22 millims.; metatarsals, l to 5, 
gradually increasing from 8 to 10 millims. This specimen must havo been smaller 
than the Erpetosuchus Granti, from which it differs in having deeply bi-concave 
vertebrae; moreover, its short and stout hind limb would scarcely accord with a long 
and slender fore limb, such as that of Erpetosuchus Granti, The specimen probably 
represents a lizard of about the size of the living Sphenodon. It is much larger than 
Telerpeton Elginense, but may, perhaps, belong to another species of that genus. 

4. The fourth specimen, sent to me by Mr. Taylor, of Elgin, is interesting as 
having been found at Spynie only a short time before the closing of the quarry; but 
it is in several disjointed pieces, and the bones are scattered, the most perfect part 
being a row of neural spines, which agree in size with, and are not unlike those of 
Erpetosuchus Granti , but it would be very hazardous to refer these remains to that 
genus. 
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IV. EXPLANATION OP PLATES. 

PLATE 53. 

JErpetosuchus Grnnti, gen. et sp. nov. 

All the figures, except 1 and 8, are natural size, and have been drawn from gutta¬ 
percha casts taken from the cavities in a block of Elgin Sandstone, in the possession 
of Mr. James Grant of Lossiemouth. The exact locality of the specimen is 
uncertain. 

Fig. 1. Skull and lower jaw seen from the right side. The anterior part of the 
right ramus being still hidden by the matrix, it has been completed by 
reversing the left side, fig. 4. 

Fig. 2. Skull seen from above ; a portion of the left side restored in outline. 

Fig. 3. Skull seen from below. 

Fig. 4. Lower jaw, left ramus, articular end hidden in matrix. 

Fig. 5. Series of vertebrae and scutes immediately behind the skull, seen from left 

side. 

Fig. 6. Part of same series seen from right side. 

Fig. 7„ Vertebra No. 9, enlarged and restored. 

Fig. 8. Four scutes enlarged. 

Fig. 9. Right scapula and coracoid seen from outside. 

Fig. 9a. Same seen from inner side. 

Fig. 10. Left humerus, under surface. 

Fig. 10a. Same bone, front view. 

Fig. 11. Left tibia and fibula seen from behind, with under surface of five meta- 
carpals and some phalanges. 

Fig. 12. Right humerus, upper surface. 

Fig. 13, Right tibia and fibula seen from before, with upper surface of five meta- 
carpals. 

Fig. 14. Interclavicle, upper surface. 

PLATE 54. 

Omithosuchus Woodwardi, gen. et sp. nov. 

From a photograph about one-third natural size, by Messrs. Walker and Bout all, 
of a specimen obtained by Dr. Gordon from the Elgin Sandstone of Spynie, to be 
preserved in the British Museum. The under surface of the skull with the lower jaw 
in place is seen on the left; the dorsal and caudal vertebrae extend obliquely across 
the stone; below them are the pelvis and limb bones, and above them are the 
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scattered scutes. At the lower part of the slab and towards the left the group of 
abdominal ribs are seen. 


PLATE 55. 

Oi'nithosuclius Woodwardi 

Same specimen as Plate 54. All the figures except 1A are drawn natural size. 

Fig. 1. Shull and lower jaw, right side. Much of the front parts of the right side 
being hidden in the specimen, it has been completed in the figure from 
the left side, and the right ramus has been similarly restored by 
reference to both rami. 

Fig. I A. The largest tooth, twice its natural size. 

Fig. 2. Skull from above, 

Fig. 3. Skull from below. 

The following figures are drawn from gutta-percha casts. 

Fig. 4. Vertebrae seen from right side—5 caudal, 3 sacral, and 1 pre-sacral. The 
sacral ribs have been completed from the left side. This pre-sacral 
vertebra is shown also in the series on Plate 56, fig. 1. 

Fig. 5. Sacrum and left ilium seen from above. 

Fig. 6. Sacrum seen from below. 

Fig. 7. One of the largest and most perfect scutes. 


PLATE 56. 

Ornithosuchus Woodwardi 

Same specimen as Plate 54. All the figures natural size, and drawn from gutta¬ 
percha casts. 

Fig. 1, Series of pre-sacral vertebras seen from the right side. The vertebra are 
each numbered from the sacrum forwards., No. I vertebra is also shown 
in the series on Plate 55, in order that the relations of the two series 
may be understood; 

Kg. 2. Parts of pelvis and limb boneB seen from the left side. The unshaded out- 
- ■ liB6B °° m pl 6 tiog several parts are supplied from the opposite slab of 
' stone. The various bones are indicated by letters, the right and left 
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sides being marked respectively rt. and It. All the foot bones belong 
to the left side— ast., astragalus; mt., 1, 2, 3, 4, 5, metatarsals ; a, 1,2, 
phalanges of first digit; b, 1,2, 8, phalanges of second digit; c, 1, 2, 3, 4, 
phalanges of third digit; d, X, 2,3,4,5, phalanges of fourth digit; e, 1,2, 
phalanges of fifth digit. 

Fig. 3. Left ilium, outer surface, nearly complete. 

Fig. 4. Right pubis with right and left ischia seen from right side. The lower edge 
of left acetabulum is also seen. 

Fig. 5. Right femur, under surface of distal half. 

Fig. 6. Left femur, under surface of proximal half. 


Lettering used in the Figures. 


a, b, c, d, e. Phalanges of digits. 
ang. Angulare. 
art. Articulare. 
ast. Astragalus. 
bo. Basioccipital. 
bs. Basisphenoid. 
den. Dentary. 
exo. Exoccipital. 
fem. Femur. 

Jib. Fibula. 

Jr. Frontal. 
il. Ilium. 
is. Ischium. 

item. Infra-temporal fossa. 
ju. Jugal. 
la. Lachrymal. 

It. Left. 
mt. Metatarsal. 
mx. Maxilla. 

n. Anterior narial aperture. 
na. Nasal bone. 
op.ot. Opisthotic. 


orb. Orbit. 
p. Pubis. 
pa. Parietal 

p.la. Pre-lachrymal fossa. 
pmx. Premaxilla. 
pr.fr. Prefrontal. 
p.sa. Pre-sacral vertebra. 
pt. Pterygoid. 
p.tem. Post-temporal fossa. 
pt.fr . Post-frontal. 
pt.na. Posterior narial aperture. 
pt.o. Post-orbital. 
pt.pl. Post-palatine vacuity. 

qu. Quadrate. 
qu.ju. Quadratojugal. 
rt. Right. 

s. a. Sacral vertebra. 
s.ang. Surangular. 


sq. Squamosal. 
s.tem. Supra-temporal fossa. 
tib. Tibia. 

tr. Transverse bone of palate. 
t. Plate 55, fig. 2, tooth of lower jaw. 
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INTRODUCTION. 

The object of the following investigation was to elucidate the character of the 
representation of respiration in the highest nerve centres. For this purpose the 
excitation method was employed, so that the results of the research are embodied in 
the effects produced on the movements of respiration when various regions of the 
cerebral hemisphere are excited. 

By a careful regulation of the anaesthetic state in the species of animal used, by a 
recognition of the exact spot excited, and by employing a suitable stimulus, a constant 
effect upon respiration can be obtained from the cerebral cortex according to the point 
stimulated. And the same result can also be obtained along a line joining the area 
discovered in the cortex with the medulla oblongata. 

It is absolutely necessary, in order to get constant results, that the degree of 
anesthesia employed should he accurately recognized. This has apparently not been 
done before. While some previous observers have, in fact, not used an anesthetic at* 
all, others have employed considerable doses of morphine or chloral. Experiments by 
different observers on noa-ansesthetized animals have yielded variable results, due to 
the fact that other disturbing factors have not been taken into account. One of 
these is apncea; for instance, any excitation of a sensitive part may cause acceleration 
of the respiratory rhythm, and, as a consequence of this acceleration, slowing, or even a 
short arrest. During the prevalence of the apnoea the excitability of the brain is 
mu$h lowered, so that the same stimulus re-applied to the same spot produces a 
’ d ®^h^ change in the respiratory rhythm. Other conditions produce or add to the 
anaesthetic state, such as loss of blood, exposure of the brain, extravasated blood 
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pressing on the brain, general exhaustion of the animal, or some disease present in 
the animal. On the other hand, morphine or chloral in considerable doses completely 
obliterates some of the respiratory effects. 

In the four species of animals, monkey, dog, cat, and rabbit, it is easy to form a 
judgment as to the state of anaesthesia—at least, after paying a little attention to the 
point. The rapidity of the corneal reflex may act as a guide, or, better still, the 
excitability of the second division of the 5th nerve in the orbit, or of the dura mater. 


GENERAL EXPERIMENTAL METHOD. 

The essential preliminary to every experiment has been a regular respiratory 
rhythm, obtained by employing such a stage of anaesthesia as proved by experience 
to be best suited for the particular experiment proposed. A tracing of the respiration 
and circulation before, during, and after the application of the electrical stimulus was 
taken in each experiment, and from the tracings alone have the conclusions furnished 
been drawn. 

All the experiments have been repeated many times in each species of animal. 
Although, of course, only comparatively few tracings can be included in this paper, 
there is no point mentioned of which I have not many illustrations amongst the 
tracings in my possession. 

The Age of the Animals .—In accordance with what has been known for many years 
(Legallois,* Semon and Horsley,! &c.), the age of the animal is an important 
feature in the innervation of respiration. I have, therefore, in all cases used adults 
only. 

Record of the Respiratory Movements —After anaesthetizing the animal a tube was 
inserted into the trachea, so as to exclude any mechanical obstruction to the respira¬ 
tion, or any complication of the result by a simultaneous excitation of the larynx, 
whilst, at the same time, by this means the anaesthetic can be more readily regulated. 
A Paul Bert's transmission apparatus, connected with a Marey’s receiving tambour, 
was fixed by an inextensile band round the lower third of the thorax, where the 
circumference enlarges most during ordinary respiration. The tracings, therefore, in 
the present research record the variations in the circumference of the lower third of 
the chest. In all cases the tracings are to be read from left to right, the upstroke 
representing the enlargement in inspiration of the chest from the position of equili¬ 
brium, and the downstroke the return during expiration to the position of rest. 

The following terms applied to the respiratory tracing will be made use of in order 
to distinguish between the very different degrees of respiratory movement observed. 

* LegaiiLOIb, ‘ CEuvres.’ Paris, 1830. Vol. ], 1. 

f Semon and Hoeslbt, “ The Central Motor Innervation of the Larynx.” * Philosophical Transactions,’ 
1890, B, p. 187. 
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Expiration .—The line drawn through the lowest points of the normal tracing. 

Active Expiration .—Any line below expiration. 

Inspiration .—A line drawn through the tops of the normal respiratory curve. 

Over-inspiration .—Any line above inspiration. 

Record of the Circulation .—The cannula was placed in the carotid of the dog, cat, 
and rabbit, and in the common iliac in the case of the monkey, and connected with 
a mercury manometer. 

Although this was regularly done, I propose not to refer at length to the changes in 
the circulation obtained simultaneously with the respiratory ones, but to reserve my 
observations under this heading for a future communication. I have noted, however, 
on page 653, two well marked effects which may be found. 

The Stimulus .—This was obtained through a Du Bois-jReymond Inductorium from 
two Geenet’s cells. The current was just sufficiently strong to be perceived by the 
tip of the tongue when the secondary coil was 12 centims. from covering the primary. 
The numbers 12,10, 8, 6, 4, 2, 0 will be used as abbreviations to express the strength 
of the faradic stimulus when the secondary coil was 12, 10, 8, 6, 4, 2, 0 centims. 
distant from covering the primary. 

The electrodes were of platinum, about 1 millim. apart. 

An electromagnet in the primary circuit served to indicate the application and 
duration of the stimulus. 

The rate of movement was marked by a metronome beating seconds, and recording 
by an electromagnet. 

The recording points of respiration, circulation, and stimulus were kept vertically in 
line. 

The recording apparatus used was the Kymographion of Hurthle. 

The Course of an Experiment .—The animal being suitably anaesthetized, and the 
point to he stimulated exposed and gently dried, the electrodes were placed against 
the surface of the brain. A tracing was first taken with the electrodes in position 
before the stimulus, secondly, during the excitation, and thirdly, it was continued 
after the cessation of the stimulus until the respiration returned to its previous 
condition. 

A current less than sufficient to produce any effect was first employed and then one 
of increased strength. The stimulus was applied for six seconds or more, and was 
often repeated at the same spot at short intervals. 

Exposure of the Brain.—1 The skull was always removed so as to sufficiently expose 
the part to be excited, tbe bleeding being stopped by soft wax and amadou. The 
dura mater was raised as occasion required, and the brain kept warm and moist 
the experiment by sa It solution at blood heat, save that the spot was 
where the electrodes were to he applied. 

were removed, or that of the eyeball only and the 
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In hemi-sections or in sections of both hemispheres, the plane of the surface 
was made perpendicular to that of the under-surface of the brain at the point of 
section, and also at right angles to the longitudinal axis. In hemisections, particular 
care was taken to reach up to the middle line and not beyond. 

A certain amount of haemorrhage inevitably ensued in making such bemisections, 
but it was controlled by pressing the vessels against the base of the skull with sponges 
and amadou. 


HISTORICAL RETROSPECT. 

Alterations in respiration have been frequently noticed by various investigators 
during experiments upon the cerebral cortex and upon the basal ganglia, but the results 
obtained have not agreed together, or have been negative. 

I am disposed to think that the variations in the results have been due to the use 
of non-ansesthetized animals in which the effects upon the respiration were complicated 
by other sensorimotor effects. The negative results followed from not stimulating 
excitable spots, or because the animal had been too deeply ansesthetized by drugs or 
in other ways, 

D anilewsky* used young cats and dogs slightly morphinized, and recorded the 
respiration by a tracheal cannula. He obtained two kinds of results. Cortical 
excitation in the region of the facial centre of Hitzig produced at first a slowing of 
the respiration with increased amplitude. With a stronger stimulus a deep inspiration 
was followed by a longer expiration and a pause. These phenomena only occurred 
sometimes, and often took place after the stimulus had ceased, even as much as 10 
seconds after in one case. A sufficiently strong excitation applied towards the base 
of the brain, especially when it affected the cerebral peduncles, caused marked 
acceleration of the respiration similar to the result of stimulating the dura mater and 
the peripheral nerves. The arrest of respiration in these experiments may, from my 
observations, have possibly been due to the morphine, for slowing of respiration is 
observed to occur without any stimulus in dogs and cats well under the influence of 
morphine, and arrest may be produced in such animals by the excitation of any sensory 
part. 

Lupine t laid stress upon the increased frequency of the respiratory movements. 

BochefontaineJ produced rapid, movements of inspiration, followed by spasms of 
varying intensity, and finally convulsions. The experiments were made on non- 
ansesthetized animals. 

Riohet§ employed dogs so deeply chloralized that the limbs did not react to cortical 

# Danilwsrt, “ Experimentelle Beitrage zur Physiologie des Grehirnes.” * Arohiv fiii' Physiologie, 
Pfluger/ 1875, vol. 11, p. 128, see Table VI. and VII. 

■f Lupine— quoted by FRANgois Franck, see below. 

% Bochefontaine, * Archives de Physiologie/ Brown-S&juard/ 1876, vol. 3, series 2, p. 168. 

§ Righet— quoted by FfiANgois Franck, see below. 
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excitations. He then found that stimulation of the sigmoid gyrus arrested respiration. 
The same result occurred not only at many other points of the cortex, but also was 
obtained from the sciatic nerve. 

Both chloral and morphine, according to my own observation, tend to produce an 
irregular rhythm in which pauses occur at uncertain intervals. This change may some¬ 
times be induced by any sensory stimulus. 

Mote’s* observations in this respect were published in 1883, and reprinted in 
1890. Other experimenters have not confirmed them. When the electrodes were 
placed upon the frontal lobe, some roillims. in front of the frontal, i.e., the crucial 
sulcus, and somewhat lateral to its median end (just where a shallow longitudinal 
depression runs from before backwards), respiration was arrested with the secondary 
coil at 7 or 6. The arrest was in deepest inspiration, and the diaphragm in extreme 
tetanic contraction. Yery often acceleration of the respiration preceded the inspira¬ 
tory tetanus, during which, by deeper inspiration and less expirations, the thorax and 
diaphragm came to occupy gradually the maximal inspiratory position, and were finally 
fixed in that position. The abdominal muscles during this time remained relaxed. 
When the electrodes were placed on the under-surface of the frontal lobe, about the 
middle, there followed from stimulus 7 or 6 either a powerful tetanus of the abdominal 
muscles in a maximal expiratory phase, or the latter contracted with great frequency 
but only to a very small extent, and returned with short jerks to the position of rest. 
If the electrodes approached the bulbus or tractus olfactorius sneezing or cough was 
produced. 

In the ape along the horizontal limb of the praecentral sulcus, and between it and 
the middle line, with the stimulus at 7 or 6, the thorax and diaphragm assumed an 
inspiratory position; further outwards than this fissure excitation produced a tetanus 
of the abdominal muscles. 

As far aB they go these observations are in the main confirmed by my own. 

Francois Trance t made a further examination of the subject and criticized the 
work of previous observers. He pointed out that the arrest of respiration produced 
by excitation of the cortex was frequently due to apnoea following accelerated 
respiration or was produced by the severe tetanic convulsions into which the animal 
was thrown. He further showed that under deep morphine or ether respiration 
frequently became irregular with pauses which were very likely to coincide with an 
electrical stimulus. He concluded that excitation of the motor area with, a sufficiently 
strong and prolonged stimulus produces modifications in the respiratory movements, 
and; that excitation of other parts of the cortex does not produce respiratory reactions 
except in the case of convulsions, i,e., when the effect of the stimulus spreads to the 
motor area or tracts. The respiratory rate quickens or slows without any correspondence 
between the spot stimulated and the effect produced. It is according to him rather 

* Munx, ‘ TJeber die Formationen der Grosshimrinde,’ Berlin, 1890, p, 164. 
t FBAtfyoJS France:, * Demons sur les Fonctions motrices du Oervean,’ 1887. 
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the degree of intensity of the excitation or the degree of excitability of the cerebrum 
which appears to influence the frequency. The strongest stimulus produced slowing 
and exceptionally arrest, so that one cannot discuss centres for acceleration or for 
slowing. 

A change in amplitude, augmentation, or diminution may be observed both with 
an increased and a decreased rate. The inspiratory state coincides with the greater 
amplitude and the expiratory state with the less. Special points for inspiration 
and expiration cannot be found upon the cortex, each of the points of the motor zone 
can produce the respiratory modifications indicated above. 

Unverricht* experimented upon dogs ansesthetised with morphine and recorded 
the respiration by means of an oesophageal cannula. With a faradic current less than 
sufficient to produce muscular contractions when applied to the f motor' area, he 
obtained in some of the experiments slowing of the respiration by excitation of an 
area on the third external convolution outside the orbicularis centre. 

PreobraschenskyI experimented with dogs under morphine and with cats under 
chloroform and ether. One-third of the experiments were negative. In the dog he 
obtained arrest of respiration for two or three seconds immediately after opening the 
skull, using a very weak faradic current, but he never saw an active contraction of the 
respiratory muscles. In some cats he obtained arrest in inspiration, in others no 
effect. His two last experiments were negative. The area stimulated was the same 
as that investigated by Unverrioht, viz., on the anterior part of the third external 
convolution. 

It is well known that centres influencing respiration have been inferred from 
excitation experiments upon the cerebrum, and have been called “ Cerebral Respi¬ 
ratory Centres.” 

Christian!,J experimenting upon rabbits, concluded that an inspiratory centre was 
situated in the lateral wall of the third ventricle, in the optic thalamus, just in front 
of the corpora quadrigemina and the commencement of tbe aqueduct. The area was 
extremely limited, only 1 millim. square, from which an electrical, mechanical, or 
thermal stimulation evoked an arrest of the diaphragm in inspiration, or a remarkable 
acceleration of the respiratory rate, together with an increase in amplitude. The 
centre was symmetrical on each side. Excitation of the corpora quadrigemina, just 
below or to one side of the aqueduct of Sylvius, caused an arrest in expiration. 
These latter experiments were made after the removal of the hemispheres, corpora 
striata, and optic thalami by vertical transverse section through tbe commencement 
of tbe aqueduct. Thus the ‘ inspiratory * centre had been removed before the ‘ ex¬ 
piratory , one was excited. 

* Unverrioht, “Ueber die Innervation der Athembewegnngen,” ; Kongresa fur innere Medicin,’ 
1888, vol. 7, p. 237. 

•f* Preobrasqhensky, “ Ueber Athmungscentren in der Hirnrinde,” * Wiener Minisobe Wochen- 
schrift,’ 1890, p. 833. 

% Christiani, ‘Zur Physiologic des Uebimes.' Berlin, 1885, chapter 1. 
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Martin and Booker* stimulated the corpora quadrigemina in rabbits by plunging 
the electrodes into the substance of the mesencephalon. When the points were near 
the iter, acceleration was produced, which was changed into inspiratory arrest on 
applying a strong stimulus. By plunging the electrodes deep into -the pons they 
obtained arrest in expiration. They experimented on two cats only and obtained the 
same inspiratory results as in the case of the rabbit. 

The last-named observers, by plunging in the electrodes, appear to have stimulated 
the same points as myself on the surface of vertical transverse sections. Their 
experimental results varied, perhaps because they did not suitably anaesthetize their 
animals. Christiani, no doubt, stimulated in the line of the tract which I shall later 
on describe as causing acceleration and over-inspirafcory tonus. Again, the shock to 
the rabbit of making a vertical transverse section of the brain through the beginning 
of the aqueduct, renders the animal deeply anaesthetized. Christiani, under these 
circumstances, obtained arrest of respiration probably in the line of the tract of fibres 
to which I shall refer as causing arrest when stimulated. 

In view of the importance of this subject, I have repeated their experiments in 
the way the observers aforenamed performed them, and have obtained the same 
results. But I fail to see why the presence of “ respiratory centres ” should have 
been assumed from these experiments, if the term “ respiratory centre ” be used in 
anything like the same sense as when applied to the representation of respiration in 
the floor of the 4th ventricle. In fact, excitation experiments of this kind give 
results which are equally well or even better attributed to the results of stimulating 
fibres than of stimulating central mechanisms. 

Knoll,! experimenting more recently, does not say anything about the use of an 
anaesthetic. He found that excitation of the optic thalamus and corpora quadrigemina 
caused quickening of the respiration. A strong current applied to the under-surface 
of the anterior corpora quadrigemina caused spasm, especially of the eyes, tail, and 
flanks, the respiration becoming shallower or arrested. He never obtained an 
expiratory arrest. He concluded, from bis experiments, that there was no respiratory 
centre in either the optic thalamus or in the corpora quadrigemina, but that the effect 
of excitation of these regions was to produce impulses in psychical or sensory tracts 
leading to true respiratory centres in the medulla and cord. 

- His experimental results and the conclusions drawn seem to me to follow from 
using non-a o assthetized animals. 


* Mabtih add Booxbb, ‘ Journal of Physiology,’ vol. 1 , p. 370, 

t Kxou, * Sitssn^gsberiohte der Akademie der Wissenechaften,’ Wien, 1885, vol. 92, sec. 3, p. 328. 



OF THE CEREBRUM IN THE MONKEY, DOG-, CAT, AND RABBIT. 


617 


DESCRIPTION OF PHOTOGRAPHS 

On mature consideration, I think it best to give a description of the photographs 
first of al], in order that the position of the points stimulated may he the more easily 
understood. 

On the photographs of brains and sections of brains have been indicated by marks 
the points where the several effects to be afterwards described in detail were obtained. 

Rabbit's Brain (see Plate 57). 

Photograph la. A photograph of the under-surface of a rabbit’s brain. 

A ring has been placed upon the strip of cortex between the outer margin of 
the olfactory tract and the rhinal fissure j ust in front of the point where the sylvian 
artery crosses the fissure. The ring marks the point which will be referred to as 
the spot, on the application of the stimulus to which respiration can be arrested. It 
also shows the junction of the olfactory bulb and tract, marked by a square, the 
point from which over-inspiratory clonus was obtained. 

Photograph lb. A photograph of the upper surface of a rabbit’s brain, slightly 
enlarged. 

The cross marks the point at which a branch from the anterior cerebral artery 
curves over from the mesial to the convex aspect. This is the place where the most 
marked acceleration can be obtained by the faradic stimulus. 

Cat's Brain (see Plate 57). 

Photograph II. A photograph of the antero-inferior and outer aspect. 

A small ring is placed upon the apex of the olfactory lobe, i.e., the antero- 
internal end of the triangular convolution formed by the outer border of the olfactory 
tract, the rhinal fissure and the furrow made by the sylvian artery. This is the place 
where arrest can be obtained. 

An outer line delimits a semicircular area, at the border of which respiration 
could only be arrested by the strongest current used. The border line com¬ 
mences at the junction of the olfactory lobe and tract, crosses the supraorbital 
fissure some 3 to 4 millims. from its lower end and also the anterior composite lobe 
without extending as far as the anterior end of the coronary fissure. The line 
touches the anterior end of the anterior suprasylvian fissure, runs backwards parallel 
to and from 2 to 3 millims. above the rhinal fissure, nearly to the anterior end of the 
anterior ectosylvian fissure. The limit then turns downwards and joins the rhinal 
fissure about the point where the sylvian artery crosses. The outer part of the 
olfactory tract forms the lower border of the area. 

The upper and inner end of the supraorbital fissure just beyond the limit of the 
photograph is the spot where acceleration is most marked. 

The junction of the olfactory bulb and tract is also shown. 

MDCCCXCIV.—B. 4 K 
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Dog’s Brain # (see Plate 57). 

Photograph III. A photograph of a dog’s brain in the same position as that of the 
cat’s. 

A small ring has been drawn upon the olfactory lobe between the junction of 
the supraorbital with the rhinal fissures in front, and the sylvian artery behind, to 
indicate the centre of the area by the excitation of which arrest of respiration can be 
produced. An outer line marks the limit where respiration could be arrested only by 
the strongest current used. This line commences on the olfactory lobe about 
4 millims. in front of the junction of the supraorbital and rhinal fissures, it crosses 
the rhinal fissure about the point where there is a small notch to be seen, and the 
orbital lobe, to the supraorbital fissure, some 4 millims. from its lower end. Behind 
this point it passes backwards and downwards to the point where the sylvian artery 
traverses the olfactory lobe and rhinal fissure. The outer part of the olfactory tract 
is the lower border. 

The upper and inner end of the supraorbital fissure is just beyond the photograph ; 
it is the point where the faradic stimulus causes the most acceleration. 

The junction of the olfactory bulb and tract is shown. 

Monkey’s Brain (see Plate 58). 

Photograph IV. A photograph of the under-surface of a monkey’s brain. 

A Bmall semicircle placed just external to the olfactory tract in front of the 
sylvian fissure indicates the centre of the area for respiratory arrest. A larger semi¬ 
circle marks the limit within which arrest could be obtained with the strongest 
current used. Commencing at the outer border of the olfactory tract about the 
middle of its length, the limit passes directly outwards to the transverse portion of 
the H-like orbital fissure, thence along the edge of the shallow concavity which the 
orbital lobe forms, across the sylvian fissure, and turning inwards on the temporo- 
sphenoidal lobe reaches the outer side of the optic commissure, some 2 millims. or so 
behind the sylvian fissure. 

Photographs of Vertical Sections of the Cerebrum. 

Upon the photographs have been placed the following marks :— 

A Small Ring .—This indicates the point on each half of the section, by the stimu¬ 
lation of which arrest was obtained. 

A Cross .—This indicates the point on each half of the section, by the stimulation 
of which marked acceleration was caused. 

* For ike names applied to the cats and dog’s brain, see Langley, « The Structure of the Dog's 
Brain,” * Journal of Physiology,’ 1883-1884, vol. 4, p. 248. 
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A Square. —This indicates the point on each half of the section, by the stimulation 
of which over-inspiratory clonus was produced. 

The Letter I.—This indicates the point on each half of the section, by the stimulation 
of which well-marked over-inspiratory tonus and tetanus was most easily obtained. 

Vertical Sections of Cat’s Cerebmm (see Plates 58 and 59). 

Photographs Y. to XY. A series of photographs, taken from Dr. Howard 
Tooth’s microscopical preparations of a cat’s brain, upon which marks have been 
made as above. 

During the course of the research, I made use of a series of photographs taken 
from Dr. Howard Tooth’s microscopical preparation of a monkey’s brain, and also 
photographs made from sections of the brain of the rabbit and dog. The points were 
mapped in on these photographs, but, on account of the similarity shown to the 
results obtained in the cat, these photographs have not been reproduced. 

THE DETAILS OF THE EFFECTS OBTAINED BY EXCITATION OF THE CORTEX 

CEREBRI AND OF THE SURFACES OF VERTICAL TRANSVERSE HEMISECTIONS 

OR SECTIONS MADE THROUGH THE CEREBRUM. 

A. Diminution of Action. 

{a.) Slowing and Arrest of the Respiration obtained from the Cerebral Cortex. 

The Necessary State of Anaesthesia in Experiments upon the Cortex. —In order 
to obtain arrest of respiration by excitation of the area shown in the photographs, the 
animal must be narcotized so that no voluntary or reflex movements are evoked by 
the excitation. But a slight corneal reflex must still exist, and a strong stimulus 
still be able to disturb the respiration through the dura mater, fifth, or sciatic nerves. 
When these effects have been abolished, the animal is too deeply ansesthetized, and 
the cortex will be found no longer excitable to the strongest current used. But the 
excitability quickly returns if the animal be allowed to take a few breaths of air free 
from ether. 

It is necessary to use ether. Morphine, except in very small doses, tends to 
abolish the excitability of the cortex, to render the respiratory rhythm irregular, and, 
moreover, any excessive dose is not so quickly got rid of as ether. 

The cat may easily be maintained in the suitable stage of anaesthesia, especially 
when the experiment is confined to the arrest area, so that it is not awakened by 
excitation of the sensori-motor region, nor on excitation of the dura mater. 

The rabbit presents somewhat greater difficulties, especially as there is only one 
very limited point on the cortex whence arrest of respiration can be evoked. 

Dogs and monkeys are not so easily maintained in the same state as the cat, they 

4 K 2 
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are apt to quickly pass into a too superficial or a too deep anaesthesia. But if an ex¬ 
tremely small dose of morphine he injected subcutaneously half an hour before the 
commencement of the experiment, the animals can be kept in a more constant state 
of anaesthesia, resembling the condition produced in the cat by ether alone. The dose 
of morphine in this case must not exceed 0*01 gr. per 1 lb. (0*0014 grm. per 1 kilo.) 
live weight, injected subcutaneously, ie., 1 minim per 1 lb. live weight of the 1 per 
cent, morphine hydrochlorate solution. 

The rabbit however c ann ot be given morphine even in very small doses without 
depressing the excitability of the cortex so that no arrest can he obtained. In my 
first experiments I found the arrest area in the dog and monkey without morphine 
and I have not used any morphine at all in the cat. 

The Necessary State of Anesthesia in Experiments upon Vertical Hemisections or 
Sections. —The deepest ether anaesthesia in which the animal will breathe regularly is 
required when exciting the surface of sections in order to obtain arrest and to obliterate 
all tbe effects of the stimulus upon other fibres, e.g., those sensori-motor and commis¬ 
sural ones which increase the activity of the respiratory movements. Rabbits are the 
most difficult to get to breathe regularly in deep ether anaesthesia. Here also a 
minute dose of morphine, 0*01 gnn, per 1 lb. (0*0014 grm. per 1 kilo.) live weight, 
may be tried in such animals as do not breathe freely in deep ether anaesthesia. The 
morphine aids in keeping the animal deeply anaesthetized with a smaller quantity of 
ether. 

Slowing and Arrest of Respiration by Excitation of the Cortex Cerebri of the Cat. 

See Photograph II. 

The Strength of the Faradic Stimulus. —At the centre of the arrest area the stimulus 
required to arrest respiration was generally 7, or 6, sometimes 8. Weaker currents 
were not quite strong enough to stop respiration but caused slowing. Currents 
weaker still had no effect. The further away the point stimulated was from the 
centre of the area, the stronger the stimulus required until the limit was reached where 
0 was necessary to check the breathing. Beyond the limit no arrest occurred although 
slowing of the rhythm might be observed. 

The form of the Arrest. —This was generally in full inspiration, or at some point 
midway between inspiration and expiration. At the centre of the area arrest occurred 
sometimes in active expiration or in expiration. 

The arrest, especially when the stimulus was sufficiently strong and applied near 
the centre of the area, could be maintained for 6-10 seconds, and after the cessation 
of the stimulus respiration commenced with a slow rhythm and only gradually regained 
its former rata The experiment could he repeated again and again either at the 
same plaoe, or at various points of the area. 
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Description of Tracings showing Slowing and Arrest in the Cat. 

Tracing 1, p. 621. The point of the cortex excited was the central point of the 
area. See Plate 57, Photograph II. 

The first line is the manometer tracing, the second that of the respiration, the 
third marks the rate of the travelling surface, the space between each vertical stroke 
being traversed in a second, the fourth the incidence, duration, and amount of the 
stimulus. With 6 the respiration was slowed or incompletely arrested, with 5 arrest 
took place in full inspiration, and this was repeated four times at short intervals. 

Arrest in expiration could not be obtained so commonly in the cat as in the dog. 
The arrest in active expiration appeared to be limited to the centre of the area and 
was evoked by a current which did not influence any part beyond the exact spot 
mentioned. Moreover for this result it is essential that the effects of shock should be 
avoided as far as possible. 

I will now give a table formed from tracings taken from most of the points of the 
area within which arrest of respiration can be obtained. All the tracings were taken 
from the same cat. Other excitation experiments made on the cortex of the same 
animal beyond the “ arrest ” area were negative. The arrest took place in full inspira¬ 
tion throughout, near the olfactory bulb the arrest was broken by the over-inspiratory 
clonus to be described later on, I also add a diagram made by enlarging Photograph 
II on which the numbers indicate the points stimulated. 


Diagram I. 



It is not maintained that there is a sharply defined limit beyond which a strong 
stimulus has no effect, but that the area described is the most extensive met with in 
favourable cases, the more deeply anaesthetized or the more exhausted the animal tho 
more does the area contract. 
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Table. —See Diagram I. for points. 


Amount 
of Faradic 
current. 

Points resulting in 

Arrest. 

Slowing. 

8 

8 incomplete 



9 

10 (a) 


26 

10 ( b ) 


27 

25 

7 

6 

7 

8 

9 


6 

2 

3 



10 

16 


10 (a) 

30 (6) 


I0 ( » 

47 


25 

28 

29 

30 

30 (a) 

49 

48 

4 

4 



5 

10 (a) 

14 


12 

19 

, 

15 

16 

17 

18 

30 (5) 

48 

46 

2 

14 

10 (c) 


46 

13 

30(c) 

0 

10 (c) incomplete 

13 

20 

44 


24 incomplete 

30 (c) incomplete 

45 

50 * 

50 (a) 
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Points. 


Amount of 
current 


Result. 


2 

8 

4 

5 

6 
7 

7 

8 
8 
9 
9 

10 

10 

10(a) 
10 (a) 

10 (a) 

388 } 

11 

11 

12 
13 

13 

14 

14 

15 

16 
16 

17 

18 

19 

20 

24 

25 
25 


27 

28 

29 
80 
80 

30 
30 
30 
30 

44 

45 

46 

46 

47 

47 

48 

48 

49 

50 

60(a) 


(a) 

ffl 


6 

6 

4 

4 

7 

8 

7 

8 

7 

8 
7 

7 
6 

8 
6 
4 
8 
6 
2 
0 
6 
4 
4 
2 
0 
4 
2 
4 
0 
4 
4 
4 
4 
0 
0 
8 
6 
8 
8 
6 
6 
6 
6 
6 
4 
2 
0 
0 
0 
4 
2 
6 
4 
6 
4 
6 
0 
0 


Arrest, “clonus.” 

“ Clonus,’ 1 tlion arrest 
“ Clonus,’ 1 then anest 
Arrest. 

Arrest. 

Slowing. 

Arrest. 

Arrest, incomplete. 
Arrest. 

Arrest, incomplete. 
Arrest. 

Slowing. 

Arrest. 

Slowing. 

Arrest, incomplete. 
Arrest. 

Slowing. 

Arrest. 

Slowing. 

Arrest, incomplete. 
Arrest. 

“ Clonus. 11 
Arrest. 

Slowing. 

Arrest. 

Slowing. 

Arrest. 

Arrest. 

Slowing. 

Arrest. 

Arrest. 

Arrest. 

Slowing. 

Slowing. 

Arrest, incomplete 
Slowing. 

Arrest. 

Arrest. 

Arrest. 

Arrest. 

Arrest. 

Arrest. 

Arrest. 

Slowing, 

Arrest. 

Slowing. 

Arrest, incomplete. 
Slowing. 

Arrest. 

Slowing. 

Arrest. 

Slowing. 

Arrest. 

Slowing. 

Arrest. 

Arrest. 

Arrest. 

Slowing. 
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Slowing and Arrest of Respiration by Excitation of the Cortex Cerebri of the Dog. 

See Photograph. III. 

The Necessary Stage of Anaesthesia. See p. 619. 

When the animal was strong a little chloroform was mixed with the first ether 
used, but not afterwards. In any case ether has to be given in a more concentrated 
form to dogs than to other animals. The employment of the small doses of morphine, 
mentioned on p. 620, is not absolutely necessary, and I did not use it until I had 
found the area, but it is certainly convenient for the prevention of sudden variations 
in the anaesthesia. 

The Strength of the Stimulus. —At the centre of the area arrest was generally best 
obtained in the dog with 6, but in some instances 7 proved sufficient, others 
required 5. Along the outer limit 0 was necessary, and there were intermediate 
stages where arrest took place with 4 and 2. Just , outside the border slowing could 
be produced with 0. 

The Fom\ of Arrest. —This was generally in active expiration, particularly at the 
centre of the area. Less often the arrest was in expiration. . In the stage of 
anaesthesia employed it was only sometimes that arrest in any degree of inspiration 
occurred, but the tendency was more marked the further the distance from the centre 
of the area. 

Tracing II., pp. 626 and 627. For the three points excited see Photograph III a t b, c. 

Arrest in active expiration was produced from three central points of the area 
excited in succession. In each case 8 produced slight slowing, but 6 was required to 
arrest. Some irregularity of rhythm with an increase in amplitude took place after 
the cessation of the excitation before the respiration resumed its regular character. 

Tracing HI., p, 630. For- the point stimulated see Photograph III. 

The experiment in this case was made at the anterior border of the area and 
arrest was only produced at 0. The arrest did not last the whole time of the 
stimulus, but during the latter part the breathing started again slowly. 

Slowing and Arrest of Respiration by Excitation of the Cortex Cerebri of the Rabbit, 
See Photograph la. 

The Necessary Stage of Anaesthesia. See p. 619. 

Ether alone was, as a rule, used in this animal in sufficient amount to prevent 
voluntary and reflex movements from occurring when the spot was excited, but no 
more. Even minute doses of morphine reduced the excitability enough to prevent 
any arrest of respiration from being obtained. 

The Amount of the Stimulus .—At only one spot could arrest of respiration be 
obtained, and that with 8 or 6. Stronger currents applied around this spot did not 
cause arrest. 

4 i/ 
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The Form of the Arrest —This was nearly always in full inspiration, but as in the 
cat arrest in expiration occasionally happened. 

Tracing IV., p. 630. The point excited is marked on Photograph la. 

The respiratory rate was slowed with 10, and arrested in full inspiration at 8. 


Slowing and Arrest of Respiration by Excitation of the Cortex Cerebri m the Monkey 

(Macacus Rhesus). 

The Suitable State of Anaesthesia. See p. G19. 

The Exposure of the Orbital Surface of the Frontal Lobe .—The animal being 
placed on its back in a semi-recumbent position with the bead fully extended, the 
oibitai surface of the frontal lobe appeared facing forwards and upwards when the 
frontal bone including the orbital plate was removed. 

The Blood-pressure Tracing .—The carotids were not interfered with in order to 
avoid complications from the effects illustrated by the experiments contained in a 
former paper.* Therefore the cannula in the monkey was invariably placed in the 
common iliac artery outside the peritoneum. 

The Arrest Area .—This has been marked out in Photograph IV. I do not assert 
that the-effect cannot be obtained at points internal to the chord of the arc diawn. 
But there are two difficulties in trying to decide this point, firstly, the liability of 
wounding the internal carotid artery and its branches, and secondly, the impossibility 
of preventing the spread of the excitation to the meninges. I prefer, therefore, not 
to absolutely delimit the inner border of this region. 

The Degree of the Stimulus .—A current of 7 or 6 arrests respiration when applied 
just external to the junction of the olfactory tract with the uncinate convolution. 
But exciting points 1 millim. apart along any radius of the semicircle indicated in the 
photograph, arrest of respiration occurred with 4, 2, or 0, according to the distance 
from the centre. Just beyond the border 0 caused slowing, but not arrest. 

The Character of the Arrest .—The arrest in the monkey was nearly always in 
expiration, but only rarely was any active expiration seen. Beyond the disappear¬ 
ance of the respiratory curves no change was noted in the circulation from excitation 
of the cortex only. 

Tracing V., p. 631. The points excited are in connection with Photograph IV. 

(a) Bespiration which was not arrested by 8 was stopped by 7. This was at 

the centre of the area. 

(b) 0 was required in this experiment, the point excited being at the anterior 

border of the area. 

(c) A little within the limit 2 was necessary. 

(d) Just outside the border there was no arrest with 0. 

* BmcsB Control of Bmnqnjh&ge feoav the Middle Cerebral Mteiy” British 

Medio*! Jotatud; 45*7, 
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It is worthy of note that Tracing V., a, b, c, d were from the same monkey, some 
other similar experiments intervening. 

The Occurrence of the Arrest. 

It has, therefore, been shown that the respiration can be slowed and arrested by 
excitation of a certain spot and a limited area around it. This spot is situated in all 
the animals examined to the outer side of the olfactory tract just in front of the 
junction of the tract with the uncinate. And this arrest can be constantly obtained 
and the experiment repeated again and again under certain conditions. 

1. The animal must be in such a stage of anesthesia, that whilst the other effects 
upon respiration hereafter to be described are excluded, the excitability of the cortex 
for the arrest effect shall not be lost. 

2. The animal must be in a normally active stage, and the brain to be excited must 
not have been injured, in any way. 

3. A sufficiently strong faradic stimulus is required. 

Conversely the Causes which prevent the Occurrence of the Arrest. 

1. (a) Insufficient Ancesthesia. —Over-inspiration and over-inspiratory tonus with 
slowing or acceleration of rhythm are excited when the narcosis is not of the right 
degree and arrest is prevented. In many eases the tracing thus obtained strongly 
suggested the struggle between the conflicting effects, e.p., excitation sometimes 
produced a short arrest, which then became arrest in over-inspiration—and near 
the olfactory tract a clonic effect occurred instead of arrest. If the animal were 
allowed to awake sufficiently there might ensue reflex arrest for a second or two on 
exciting with a weak current, but a repetition of the excitation under these circum¬ 
stances caused a different response. 

1. (6.) Too Deep Ancesthesia .—With ether sufficient to abolish the corneal reflex, 
the cortex of this region was rendered inexcitable. At the centre of the area 0 
might produce slowing but no arrest, even this was lost in deeper anaesthesia. 
Morphine, when given in larger doses than those mentioned, likewise abolished the 
excitability, the respiratory rhythm tended .to become irregular, showing the 
phenomena of periodic respiration, of spontaneous pauses in expiration, and of 
convulsions. This was especially the case in the dog, but was also observed in 
the rabbit and monkey. When the animal was subjected to sufficient morphine 
for spontaneous arrests to occur, arrest of respiration, as others have noted, could 
easily be obtained by faradizing any sensory surface, including the convex surface of 
the brain, but was equally well got from a nerve such as the sciatic, 

2. The cortex of animals not in a normal state of health before the experiment 
was more easily inhibited by the ether, and also the cortex was less excitable, 
e.g, } slowing, but no arrest, might he obtained. In other words, the depression due to 
imperfect health was added to the ether effect, and in sonde cases was sufficient 
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of itself to abolish, the excitability. Such instances occurred in monkeys with 
diarrhoea, in dogs with tape-worms, in rabbits with parasites in the liver, and in 
pregnant cats. The latter condition was not sufficiently advanced in any case to be 
noted before the expe rim ent, and there was, of course, no mechanical obstruction to 
the respiratory movements. Some of the pregnancies noted were very early. 

Exhaustion of the animal from exposure of the brain, from loss of blood, from 
repetition of the experiment, tended to diminish the excitability, and this ensued all 
the more rapidly the deeper the primary anaesthesia, whether from ether or from the 
prior causes above noted. 

3. No arrest could he obtained except when the secondary coil was at least 8 or 7 
centims. from the primary, although Blowing of the rhythm might occur with a 
slightly weaker stimulus. 

(b.) On the connection with the Medulla Oblongata of the area of the 
Cortex Cerebri for Slowing and Arrest of Respiration. 

I will now proceed to describe the results of the excitation method I have employed 
to trace the fibres connecting the cortex with the central mechanism in the medulla 
oblongata. 

On this point I need not describe in full detail the results obtained in each of the 
species of animals examined. Since the tract, connecting the area on the cortex with 
the medulla, runs through the ventral portion of the brain, i.e., through a part in 
which the difference between the fouT species is very slightly marked, and also 
because the results were practically identical. But although I have combined the 
description and inserted in this paper only a few tracings, yet I have, in my 
experiments, assumed nothing. I have stimulated every hemisection in each species 
of animal many times, and have tracings sufficient to afford many illustrations of 
every point. 

Method of making Hemisections or Sections of the Brain. See p. 613. 

The necessary state of Anaesthesia, See p. 619. 

The deepest ether anaesthesia consistent with regular respiration was found to be 
the best. Of course great watchfulness was required to prevent an overdose. Iu 
some cases, when once arrested, the respiration did not begin until after some artificial 
respiration, had. been employed, but usually the respiration started again spontaneously. 
Only m some rabbits did the respiration tend to stop before they were sufficiently 
anaesthetized. I used, in these exceptional cases, the small dose of morphine already 
noted, viz., 0 01 grain per 1 lb. live weight, and so obtained the necessary anaesthesia 
without an excess of ether. As already mentioned, the dog required the ether vapour 
in a mere concentrated form than other animals. 
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Mode of Experiment. —A vertical transverse (frontal) hemisection (sometimes a 
section) having lbeen made in a deeply narcotized animal, and the point to be excited 
located and dried, the electrodes were held in position whilst a tracing of the 
circulation and respiration were being taken. The current was then applied for 
6 seconds or more; generally current 6, sometimes 7 or 5, was required to produce 
arrest. The record was continued until the recovery of the rhythm to the state 
existing before the experiment. When the electrodes were placed on the right spot 
and arrest obtained, the electrodes being held in situ , the experiment could be 
repeated again and again for six times or more with the same result, 

The Form of the Arrest. —Arrest generally took place in full inspiration, less often 
in a position midway between inspiration and expiration. It was only in the deepest 
stages of anaesthesia that arrest took place in expiration, especially in monkeys. It 
was difficult to keep the other animals in this sufficiently deep stage whilst breathing 
regularly, or, if arrested by excitation, respiration required artificial aid to start again. 

The Strand of Fibres which , when excited, produced Attest. —If the series of 
photographs taken from Dr. Tooth’s sections of the brain of the cat be examined, 
and the fibres enclosed in the ring noted (see Plates 58 and 59), it will then be possible 
to trace the following description 

Prom the centre of the cortical “ arrest” area, in each animal fibres may be followed 
back, and these are observed to be gathered together at the lower and anterior end of 
the lenticular nucleus, and apparently form part of the bundle known in human 
anatomy as the olfactory limb of the anterior commissure. This bundle passes back¬ 
wards, upwards, and inwards, to the inner side of the anterior cornu of the lateral 
ventrider These fibred tend to the middle line, at which point they form the more 
anterior fibres of the anterior commissure. Evidence that these fibres actually decus¬ 
sate with those of the opposite side will be referred to directly. Behind the anterior 
commissure, the tract passes downwards and outwards from the middle line, close to 
the infundibulum, above the optic commissure, and then above the inner end of the 
optic track Behind this, it runs above and just internal to the crusta. At the 
beginning of the aqueduct, the strand runs backwards in the tegmentum, just external 
to the fibres of the 3rd nerve as they pass towards the ventral surface. At the level 
of exit of the 3rd nerve the fibres lie vertically above the point of exit of the nerve, 
bemg an equal distance below and outside of the aqueduct in the structure known as 
the red nucleus* The strands on either side are here parallel; as far as the exit of 
the 3rd Hem the bundle of fibres can be traced microscopically, but, beyond, they 
become Tost amongst the other fibres of the tegmentum. But evidence can be 
obtained experimentally of their parallel course as far back as the upper border of the 
pons. hSfe I ‘have not traced them. The animals used in the present research 

Werehdaftfe 2 , ffodln them, when a hemlsectfon was made involving the pons fibres, the 
**&&& either became irregular or very slow. It is possible that younger indi- 
vidfcte be more tolerant of disturbance. Two variations in' the method 
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of experiment went to show that the strand on each side really decussates at the 
anterior commissure. Thus (l) if the brain be hemisected frontally and removed 
as far back on one side as the origin of the 3rd nerve, the other half of the brain 
is thus exposed on its mesial aspect, so that either the cortical mesial surface or the 
cut surface can be excited. There is one point, and one point only, on the mesial 
aspect where arrest can be produced by excitation, and that is the cut surface 
of the anterior commissure, and immediately behind and below this structure. The 
fibres which have come from the cortex of the side removed, are in this way 
excited immediately after decussation. In the monkey the decussation of the so- 
called olfactory limb of the anterior commissure can be easily perceived to take place 
in front, and can be clearly distinguished from the rest of the anterior commissure 
which joins the temporo-sphenoidal lobes. Again, if after hemisection and extirpation 
at the level of the 3rd nerve the cortex of the opposite side be excited, no arrest can 
be obtained, nor can any arrest be obtained from hemisections made in this remaining 
half in front of the anterior commissure. By using very strong currents some slight 
slowing may occasionally be observed. 


Description of Tracings to Show the Result of Excitation of Cerebral Hemisections in 
Producing Slowing and Arrest of Respiration. 

Tracing VI., p. 630. Monkey. From a hemisection immediately behind the cortical 
arrest area. Bee Photograph V. Coil 6 caused slowing with diminished amplitude; 
5, arrest in expiration. 

In the dog, arrest in active expiration and in expiration was obtained with a 
tendency towards an inspiratory phase when a stronger stimulus was used. 

Tracing VTI., p. 630. Cat. From a hemisection at level of Photograph VII. 
where the “ olfactory limb of the anterior commissure ” first appears as a distinct 
bundle. Arrest occurred in inspiration. 

Tracing VIII., p. 633. Babbit. From a transverse section through the anterior com¬ 
missure, i.e. } the electrodes were applied to the anterior commissure in the middle 
line. See Photograph IX. The respiration was arrested four times in succession 
with 5. There was each time a great rise of blood pressure. It is to be noted 
that the rabbit could not, without risk, be always so deeply anaesthetized as the other 
animals. On the contrary, in the monkey this is easily accomplished, and then it will 
be seen that no rise of blood pressure occurred. See Tracing IX. 

Tracing IX, p. 636. Monkey. From the mesial surface of the left hemisphere 
after the removal of the right half behind the level of exit of the 3rd nerve. The 
electrodes were applied just behind and below the cut surface of the anterior 
commissure. See Photographs IX. and X. Arrest was obtained in expiration twice 
with 6 and six times in succession with 5. 

4l2 







Tracing X. (a). 
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Tracings VIII., IX., and XI. illustrate an important point, viz., that the results 
described can he obtained many times in succession by keeping the electrodes to the 
same spot, and making use of a stimulus sufficiently strong, yet not so great as to 
quickly induce exhaustion, provided always that the animal be kept in the same state 
of ansesthesia. 

In. the case of the experiments illustrated by the next tracing, a variation in 
procedure was adopted, in order to show the influence of the etherisation. The 
fi/mma! was first allowed to come out a little from the state of deep anaesthesia, 
and then excitation was repeated whilst ether vapour was being administered, so that 
the fl.rnmfl.1 was in a more deeply anaesthetized state with each experiment than it had 
been in the previous one. 

Tracing X., p. 637. From a hemisection in a dog at the level where the optic tract 
is cut longitudinally in its course to the occipital cortex. See Photograph XI, The 
animal during the time that the record was being taken was breathing ether and 
becoming more deeply anaesthetized. Arrest was produced eleven times in succession 
at the same spot in an animal which was at the co mm encement in a superficial stage 
of anaesthesia, hut, by breathing ether, gradually passed into a deep stage. In the 
first experiment the arrest was complicated by the over-inspiratory tonus, which 
will he referred to later on. In the second experiment the over-inspiratory tonus 
tending to complicate the arrest was again present, but weaker. The tracing also 
illustrates a commonly observed point, that with the deepening of the anaesthesia 


some increase in the strength of the stimulus was required. Thus the first experiment 
rec l i K! last A, hut allowance musk be also made for exhaustion due 

to ent at short internals.. * 

iSfc'' From a monkey at the level of exit of the third nerve, i.e., by 
exciting the centre of the red nucleus. Arrest was obtained at the point indicated 


six times in fell inspiration. See Photograph XIY. 

642. Babbit. From a hemisection behind the level of exit of the 
||^rl^i^fc|ely "above the pons. See Photograph XV. Arrest was 
and four tfinefe with 6$ each, t!rh& full inspiration. 

Sd*$h00 of the left hemisphere 
l«#^i^fenterior conrmissure hemisection and removal 

^ ^hird herite„ The: arrest In quarter to half inspiration 
seconds*. IhetracmgshowAfha^Ihe arrest of respiration 
periodkh^fifig exhaustion 
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electrodes are applied exactly to the light place and held steadily there, the experi¬ 
ment may be repeated many times in succession. Exhaustion with slow or irregular 
rhythm does not abolish the excitability, but the arrest being producod, it tends to 
continue even after the cessation of the stimulus, and artificial respiration may be 
required to start the rhythm. 


THE DETAILS OF THE EFFECTS OBTAINED BY EXCITATION OF THE CORTEX 
CEREBRI, AND OF THE SURFACE OF VERTICAL SECTIONS THROUGH THE 
CEREBRUM, IN THE CAT, DOG, AND RABBIT. 

B. An Increased Action. 


(1.) Acceleration of the Rhythm. 

General .—The excitation of any sensitive part in a non-ansesthetized animal tends 
to disturb the respiration in the direction of increased action, the rhythm is more or 
less accelerated, irregular, and there are muscular movements of the limbs and trunk. 
In a slightly anaesthetized animal a strong stimulus produces this effect over a wide 
extent of the cerebral surface. Under ether anaesthesia sufficient to abolish the 
excitability of the cortex so far that no movements of the limbs are evoked by the 
stimulus, acceleration of respiration is not caused by faradic excitation except by 
excitation of one spot on the cortex. Even if the faradic current be so stiong as to 
call forth automatic movements, any acceleration of the rhythm which then may 
be obtained elsewhere is much less pronounced than the rapid rhythm provoked by 
exciting this particular spot. 

On Emulating hemisections of the brain from before backwards this acceleration 
area on the cortex can be found to be connected with the medulla along a definite 
line, excitation of any point along this line producing marked acceleration. 

Bo long, therefore, as the animal is sufficiently under the anaesthetic, acceleration of 
ihjFthm only occurs on the stimulus being applied at the one spot on the cortex and 
a&ng the course of the tract through the cerebrum. 

Tfag Evitable Stage of Ancesthegia. —In all three species of animals on which the 
following observations were made, sufficient ether was given to abolish the excitation 
of ftkwetnents of the limbs, and to suppress the over-inspiratory tendency which will 
|>e njrtfcy? cm referred to, This applies both to the excitation of the cortex and to that 
ofthe BtfrfacO- of the sections of the hemisphere, A deep stage of anaesthesia abolished 
a&OUrkcai Excitability for acceleration, as well as that of the sections. 

k cfi error had always to be carefully excluded, viz., the alteration in the 
* oejAte dile to apnoea produced by the acceleration, It was therefore found 
Only allow the stimulus to act for about six seconds, otherwise the 
l td get slower, It was also necessary to allow full time for 
' respiratory rate before repeating the experiment, otherwise 
foomd to have been lowered hv the n,rvn mo 
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The Area on the Cortex Cerebri where the most marked Acceleration was obtained on 
Excitation. 

In the Dog and Cat. —The effect was best marked at the upper end of the supra¬ 
orbital sulcus. From a limited area around the acceleration could be obtained, but in 
a less marked degree. On increasing the anaesthesia this was the last place where 
any acceleration could be obtained with 0, and it was at this point that acceleration 
could be first obtained in an animal recovering from deep anaesthesia. 

In the Rabbit. —If, when viewing the dorsal aspect of the rabbit’s brain, the eye 
travels back from the olfactory bulb along the inner margin of the hemisphere, an 
artery is seen coming up between the edge of the hemisphere and the falx cerebri, 
and then turning over on the convex surface and running outwards in a line which 
suggests the position of the crucial sulcus in the cat and dog. When the pia mater 
is carefully stripped off, a groove remains. This vessel serves to indicate the place 
where marked acceleration can be obtained in this animal. When the electrodes are 
placed astride of the vessel near the margin marked acceleration is obtained. An 
area of 2 millims. in diameter overlapping the margin, i.e., extending a little way on 
to the mesial surface, is about the limit within which this phenomenon is markedly 
represented. 

The Connection with the Medulla Oblongata of the Area on the Cortex which causes 
Acceleration when Excited. 

The course which the fibres leading from the cortex cerebri take towards the 
medulla oblongata is indicated upon the accompanying photographs by a cross. It 
descends in the corona radiata to the lenticular nucleus where this structure blends 
with the lower and external part of the internal capsule as seen in frontal sections. 
The band of fibres then passes below the internal capsule as the latter changes into 
the crusta, and appears to slope towards the inner portion of the tegmentum. The 
strand on each side reaches the middle line in the same frontal plane as the exit of 
the 3rd nerve. The spot where acceleration is at this level obtained is thus in the 
inter-peduncular grey matter, rather nearer to the ventral margin than to the floor of 
the aqueduct. 

The acceleration tract on either side appears to decussate in the plane of the 
exit of the 3rd nerve. I have already shown that hemisection and extirpation 
on one side behind the anterior commissure, but in front of the plane of exit of 
the 3rd nerve, removes the “ arrest” effect; but marked acceleration can still be 
obtained from the spot on the cortex of the remaining hemisphere. On the other 
hand, removal of one hemisphere immediately in front of the pons does away with the 
special acceleration from the cortex of the remaining hemisphere. Borne sligkt 
acceleration may still be obtained from the cortex and internal capsule if the anrns- 
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thesia become superficial, but this is the general effect mentioned on page 640, which 
is only very small, and is connected with the medulla through the descending sensori¬ 
motor tract, i.e., does not decussate above the pons. Finally, when one-half of the 
cerebrum has been removed no marked acceleration can be obtained from the mesial 
surface of the re main ing half, except from a point immediately dorsal to and behind 
the exit of the 3rd nerve from the crus. 


The Description of Tracings showing Acceleration . 

The respiratory rate was counted by comparing a period of G seconds before and 
during the stimulus. 

Tracing XIV., p. 643. Rabbit. The spot on the cortex cerebri of the right side 
was excited (see Photograph Ib). Before any excitation the respiratory rate was 80 per 
minute. Stimulation with 8 caused the rate to become 100 per minute, ie., an 
increase of 0‘25. With 7 the rate became 120 per minute, ie. 9 an increase of 0*5. 

Tracing XV, p. 643. Dog. Excitation of the upper end of the supraorbital fissure 
on the left side, after hemisection and extirpation of the right half behind the level of 
the anterior commissure. Excitation with 6 caused acceleration three times in succes¬ 
sion, the first time from 50 to 110, an increase of 1'2, the second time from 40 to 120, 
an increase of 2, and the third time from 35 to 95, an increase of 17. Tho slow rale of 
respiration before the stimulus marks a deeper stage of anaesthesia than Tracing XXI. 
Further, also, an opposite hemisection having been made in this case, it is clear that 
the fibres connecting the cortex with the medulla cannot cross above the level of 
hemisection. 

Identical effects were obtained from the cat. 

Tracing XVI., p. 643. Cat. For point of excitation see Photograph VIII. With 
8 no acceleration occurred, hut with 6 the rate changed from 70 to 170, an increase 
of 1*4. There was a marked rise of blood-pressure; in other experiments with 
deeper anaesthesia no rise in blood-pressure occurred (see Tracing XVIII.), and the 
respiration being Blower at the commencement, even greater acceleration followed. 
I have a tracing from a dog, taken from the same spot. 8 produced a fractional 
increase of 3*4, viz., from 25 to 110 ; the absolutely greater rate occurs in the slighter 
stages of anaesthesia, e.g., 170 in this Tracing. 

Tracing XVII., p. 645. Babbit. Right hemisection through the plane of tho exit 
of the 3rd nerve, see Photograph XIV. With 8 the increase was from 60 to 120, i.e t) 
an increase of I on the first experiment and an increase from 45 to 150 on the second 
experiment, i,e.; an increase of 2‘3. The second experiment was thus better than the 
first* It has" often been found that an almost imperceptible movement of the 
electrodes may, on the one hand, improve the reaction and, on the other hand, impair 
ft This indicates the necessity of exciting the exact point if the maximal effect is to 
be obtained. 
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Tracing XYII. 






Tracing XYIII., p. 646. Dog. Right hemisection at the plane of exit of the 3rd 
nerve, Bee Photograph XIY, The rate increased from 55 to 110, i.e., 1, with 10. 
There was practically no variation in blood-pressure. In this region where the electrodes 
were so close to the crusta, the animal had to be well anaesthetized, although not so 
deeply as required for the arrest of respiration, for if not, over-inspiratory tonus compli¬ 
cated the acceleration, and there was at the same time a marked rise in blood-pressure. 

(2.) Over-inspiratory Clonus. (“ Snuffing" Movements.) 

This movement produced by excitation was similar in the several species of 
animals and was of the following character. The animal made an over-inspiration, 
and then several sharp over-inspirations were superimposed upon the primary one. 
The over-inspiratory jerks were peculiar in following one another at regular intervals 
in a rhythmic manner and in not ceasing exactly at the same time with the stimulus, 
one, two, or three more of these over-inspirations taking place after the cessation of 
the stimulus. 

The result could he obtained from a definite area of the cortex, and along a tract 
down to the medulla. 

The Area on the Cortex for Over-inspiratory Clonus. 

This was invariably and most easily obtained from the junction of the olfactory 
bulb and tract. By excitation of the portion of the frontal lobe, “prorean lobe,” 
lying immediately above and behind this spot the same effect could be obtained by 
means of a stronger stimulus. But the typical effect with the weakest excitation 
was obtained at the junction referred to, both on the dorsal and lateral aspect. 

The Apparent Course’of the Fibres Connecting the Cortex with the Medulla by the 
Excitation of which Over-inspiratory Clonus is produced. 

This was followed in the vertical sections commencing with those of the outer 
limb of the olfactory-tract, and continuing backwards past the furrow formed by the 
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sylvian, artery to the temporo-sphenoidal lobe at its mesial part, viz., the uncinate 
convolution. The effect obtained by excitation was traced along the uncinate convo¬ 
lution to the uncus. In the vertical section the over-inspiratory clonus is thus 
obtained from the region outside the optic tract as it passes backwards from the 
chiasma, whereas all the other respiratory effects are represented in this section 
internal to the tract. In th e next section, behind where the optic tract has extended 
to the occipital lobe, the over-inspiratory clonus is to be obtained from the outer side 
of the peduncle, external to the crusta. Immediately behind the exit of the 3rd 
nerve transverse pontine fibres begin to separate the crusta from-the ventral surface, 
and over-inspiratory clonus can here be obtained beneath the pyramidal tract. 
Behind the posterior perforated spot, at the naked-eye margin of the pons, the clonus 
can be obtained in the middle line at the ventral margin, 

The course of the fibres which seem to subserve this reaction was easy to trace as 
far backwards as the section through the optic tract, see Photograph XII. 
Naturally, however, the connection between the uncinate gyrus and the region of 
the crusta, &c., was involved in greater difficulty. I repeated the experiments on 
this point whilst constantly referring, as T have always done throughout this research, 
to Dr. Tooth’s microscopical preparations of the cat’s brain and to the photographs 
made from them. In the section from which Photograph XIV. was taken transverse 
or oblique fibres are already apparent beneath the crusta, although the 3rd nerve is 
not yet passed, and the posterior perforated spot still forms the ventral margin in the 
middle line. 

The excitation of the under-surface of the anterior border of the pons was the one 
spot where the over-inspiratory clonus was obtained in the middle line. In agree¬ 
ment with this, the removal of one hemisphere through the plane of exit of the 3rd 
nerve did not abolish the effect obtained by excitation of the remaining hemisphere, 
although the arrest and acceleration effect disappeared. 

The Degree of Stimulus. 

8 and 6 may be taken as the usual amounts required. If the animal were in a 
very superficial stage of anaesthesia, less was needed. Currents of increasing strength 
up to 0 produced a similar but less marked result in the deeper stages of anaesthesia. 

Causes which Prevented the Effect from being Obtained . 

It disappeared in deep anaesthesia even with 0. As the animal became exhausted 
the effect was more and more incomplete. 

Over-inspiratory clonus might be complicated with arrest or with over-inspiratory 
tonus. It was liable to he complicated with arrest when the cortex was excited, 
owing to spreading of the stimulus or the effect of the same from the junction of the 
olfactory bulb and tract to the adjacent arrest area. Over-inspiratory tonus tends 
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to affect the result in the sections behind the optic tract, where the strand passes 
ventral to the centre of the crusta. This was avoided by keeping the electrodes close 
to the under-surface of the crus, by not employing any stronger current than was 
absolutely necessary, and by using sufficient ether to diminish the tendency to over- 
inspiratory tonus. 

Description of Tracings showing Over-inspiratory Clonus . 

Tracing XIX., p. 646. Cat. Junction of olfactory bulb and tract, right side, see 
Photograph II. Over-inspiratory clonus was produced by 6 and 4, at first, also 
with 2, but afterwards arrest occurred from the extension of the stimulus to the 
arrest area. With this tracing may be compared the table on p. 623, as showing 
the effect of exciting the points marked 2, 3, 4, and 11 on Diagram I. 

Tracing XX., p. 646. Dog. Junction of left olfactory bulb and tract, see Photo¬ 
graph III. The right hemisphere had been excluded by section between the plane 
of exit of the 3rd nerve and the anterior end of the pons. 8 produced the effect. 

Tracing XXI., p. 647. Rabbit. Junction of left olfactory bulb and tract, see 
Photograph I b. The right hemisphere had been excluded by section at the plane 
of the optic tract. The clonus was twice elicited by a current of 0. The animal was 
in a deeper stage of anaesthesia than in the preceding cases. In a stage deeper still 
the reaction is lost. 

Tracing XXII., p. 647. Dog. Tip of left uncinate convolution, see Photograph XI. 
and XII., and just external to the optic tract, after section of the right side between 
the plane of exit of the 3rd nerve, and the anterior end of the pons. The clonus was 
. produced with 6. 

Tracing XXIII., p. 647. Cat. The middle line at the ventral margin of the 
anterior end of the pons, see Photograph XV,, after a right hemisection and removal 
of the hemisphere at this level, the clonus was produced with 10 and 8. 

(3.) Over-inspiratory Tonus. 

This is the most widely generalized effect of any stimulus upon the respiration. 
In a non-ansesthetized or partly anaesthetized animal, all previous observers have 
shown that a stimulus, if strong enough, will influence the respiration in this 
direction when applied to any sensory surface. 

The greater relative influence of anaesthesia upon the over-inspiratory tonus has 
allowed of the other effects being largely or entirely freed from its complicating 
influence. 

ISTo doubt greater degrees of over-inspiratory tonus might be most easily produced 
on a non-ansesthetized animal, but all my experiments have been with anaesthetized 
animals ; and I may recall what I have mentioned before, viz., that there are other 
sources of anaesthesia than drugs, and in order to produce the same amount of over- 
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inspiration in the same animal with the same stimulus applied to the same place, it is 
necessary that the animal should be in a definite stage of anaesthesia, whether caused by 
ether, shock, haemorrhage, &c. I have examined the production of over-inspiratory 
tonus from three points of view, by excitation of the 5th nerve and meninges, of the 
sciatic nerve after the removal of the cerebrum, as well as the cortical effects. 


Over-inspiratory Tonus from Excitation of the 5th Nerve and Meninges. 

In animals under s uffi cient ether to abolish voluntary movements, I only obtained 
by faradic excitation of the 5th nerve and meninges over-inspiratory tonus, and 
never observed any arrest of the respiratory rhythm. Slight excitation of the 
terminal ends of the 5th nerve in the nose, by chloroform or tobacco smoke, have 
been described as instances of the causation of arrest by excitation of this nerve. 
The well-known fact that every child or animal forced to inspire an anaesthetic, “ holds 
its breath,” is an example of this, and it requires a distinct effort of the adult human 
will to resist the tendency. This arrest through the peripheral terminations of the 
5th nerve disappears when there is sufficient anesthesia to abolish voluntary move¬ 
ments. Arrest has been produced in a like fashion by exciting the trunk of the 
nerve or its branches in the dura mater in a non-ansesthetized animal with a very 
weak current But an animal may be made “ to hold its breath” by gentle excitation 
of many other sensory surfaces, such as the cerebral cortex or the sciatic nerve. In 
these cases, however, the arrest usually ends in a general convulsion, and on the 
repetition of such an experiment the convulsion is just as likely to occur primarily 
instead of an arrest. 

When the anaesthesia is sufficient to abolish voluntary movements, then excitation 
of the 5th nerve root, of the Gasserian ganglion, of the divisions of the 5 th nerve, and 
of the dura mater, results only in over-inspiratory tonus, and not in absolute arrest 
of the rhythm. If excessive currents are employed, the rhythm may be arrested by 
spreading from the dura mater to the arrest area of the cortex either immediately by 
direct contact, or mediately through the cerebrospinal fluid, or blood clot. It may 
also spread to the roots of the vagus. The amount of current required to produce 
over-inspiratory tonus varies with the amount of anaesthesia. In deep ether anaesthesia 
there was not the slightest effect produced upon the respiration even with the strongest 
current used. 'When the current was strong relative to the amount of anaesthesia, the 
thorax assumed an extreme degree of expansion, and the lever of the Matey’s 
tambour'no longer recorded anything but fine tetanic movements, but on direct obser¬ 
vation'the .respiratory rhythm was seen to continue although small in amplitude and 
masked by the extreme expansion. 


gs from the 5th Nerve , showing Over-inspiratory Tonus . 

651; Babbit. Excitation of tfie 2nd division of the 5th nerve in 
tesult w&s over-inspiratory tonus, with a continuance of the rhythm. 



651 


OF THE CEREBRUM IN THE MONKET, DOG, CAT, AND RABBIT. 



14 


Tracing XXVI. 



12 


10 


4 o 2 












652 MR. W. G- SPENCER ON RESPIRATION AFFECTED BY FARADIC EXCITATION 

Tracing XXV., p. 647. Cat. Excitation of Gasserian ganglion. Marked over- 
inspiratory tonus occurred, and a diminution in amplitude from the expansion of the 
thorax which masked the respiratory movements. 

In Tracings XXIV. and XXV. the same current was used ; and other traoings from 
the dog and monkey, with the same strength of stimulus, show similar effects, only 
rather less marked in the case of the monkey. In comparing a number of experiments 
upon the 5 th nerve in. the various species, it is to be noted that when the anaesthetic 
was insufficient acceleration of rhythm took place, and continued after the cessation 
of the stimulus, until the animal was given more of the drug, when, on repetition of 
the experiment, the rate was not altered. Also, in exciting the 5th nerve, or dura 
mater, near the olfactory bulb, care bad to be taken that tbe current did not spread 
through the olfactory nerves to the bulb, and set up “ clonus.” 

In deeper stages of anaesthesia the same result occurs, but a stronger excitation is 
required. 

Over-inspiratory Tonics after Removal of the Cerebmm. 

In order to show that over-inspiratory tonus is a general effect of exciting any 
sensory nerve, and has no special connection with the cerebrum, I excited the sciatic 
nerve after the complete removal of the cerebrum by incision at the level of the 
tentorium cerebelli. 

Tracing XXVI., p. 651. Cat. Excitation of the left sciatic nerve in the popliteal 
space, after the removal of the whole of the cerebrum immediately above the pons. 

Over-inspiratory tonus occurred with 12, 10, 8, and 6, 

The Area On the Cortex where the most marTced Over-inspiratory Tonus is produced , 
and the apparent course of the Fibres connecting this Area ivith the Medulla, 

The greatest effect is to be obtained in the centre of the “ sensori-motor” area. 
In the sections the best effect is obtained from the centre of the descending motor 
tract in the internal capsule, and lower down, in the middle of the cru&ta. These 
fibres do not decussate early, for if the opposite hemisphere be removed just behind 
the plane of exit of the 3rd nerve, the effect may still he obtained by stimulating 
their course downwards in the vertical sections of the remaining half. 

Whether there is one spot in the Bensori-motor area more easily affected than any 
other, I cannot say, so readily is the result influenced by the anaesthesia. 

Tracing XXVII., p. 651, Cat. Excitation of the “ sensori-motor” area. 

Great over-inspiratory tonus was produced with 6, 4, and 2. 

The same effect followed excitation of this area when the opposite hemisphere had 
been completely removed down to the tentorium cerebelli. 

Tracing XXVHI, p. 646. Dog. Excitation of the crusta just behind the 
internal capsule, see Photograph XIII. 8 produced over-inspiratory tonus, the 
rhythm, continuing. 
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Comparing a number of tracings of over-inspiratory tonus, I find that, although 
best marked in the sensori-motor area of the cortex, and in the line of the descending 
motor tract, yet it is produced outside this and complicates the “ arrest ” or “ accele¬ 
ration ” effect, unless removed by the anaesthesia. 

Thus, on the “arrest” area, arrest in over-inspiratory tonus follows excitation 
when the anaesthesia is insufficient. Conversely it may be obtained from the 
“arrest” area, uncomplicated by any arrest after opposite hemisection behind the 
anterior commissure, and from the “ acceleration ” area uncomplicated after a similar 
hemisection behind the third nerve exit. 


Tracing XXV, 
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An Increased Action of the Respiration in the Monkey. 

I have been forced to distinguish the monkey from the rabbit, cat, and dog, 
because in it an increased action of the respiration is so much less marked. There 
appears to be no fundamental difference, for X have obtained the same reactions, 
“ acceleration,” “ over-inspiratory clonus,” and “ over-inspiratory tonus,” at the points 
corresponding to those of the other animals, but only to a much smaller degree. 
The monkey reacts like the other three species do when very exhausted. I have not 
yet succeeded in artificially producing a greater excitability of the monkey’s brain so 
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£ts to obtain marked increased action of the respiration. The result of such attempts 
has been to excite irregularity of the rhythm and general convulsions. This lessened 
representation of the other phenomena, or the relatively greater sensitiveness to the 
effects of ansesthesia on the part of the monkey, allows slowing and arrest to be 
obtained all the more readily, and the localisation of the points of representation to 
be more easily recognised, since the effect is not so liable to be complicated by a 
simultaneous calling forth of increased action. 

On the cortex over* inspiratory tonus and acceleration are to be obtained at the 
anterior end of the sulcus known as X (sulcus frontalis superior). 

A Note of the Concurrent Effects upon the Circulation. 

The stimulus directed to producing respiratory changes sometimes influenced the 
circulation, and notably in two ways :— 

(1.) A marked rise of blood pressure occurred, especially when the sensori-motor 
area of the cortex was excited and the sections in the course of the descending motor 
tract. But this happened only when the animal was not deeply anaesthetised. 
With deeper ansesthesia a very slight rise of blood-pressure took place, or no change 
at all. 

(2.) In the region of the “ arrest ” area, especially in the neighbourhood of the 
sylvian artery, a fall of blood-pressure with a slower heart rate was met with. 

But the exact conditions under which the circulatory effects can constantly be 
obtained has not yet been worked out. 


CONCLUSION. (See Diagram II.) 

It has proved itself an easy matter to fail in obtaining an effect upon the respiration 
by excitation of the cerebrum, either from experimenting upon inexcitable parts, or 
owing to excessive ansesthesia however produced. 

Again, in all animals, when too slightly anesthetized, complex and variable results 
are liable to occur, such as combinations of slowing and over-inspiratory tonus, 
acceleration changing to slowing, arrest interrupted by over-inspirations. 

But, by careful regulation of the ansesthetic state, the following definite results 
follow constantly from faradic excitations. (See Diagram II.) 

A, Diminution- of Action. 

Stowing and Arrest . 

where this result was obtained, is situated just outside the 
front of the point where the tract joins the temporo-sphetioidal lobe. 
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Followed back by vertical sections, the same result was obtained along the line of 
the strand of fibres known as the olfactory limb of the anterior commissure. After 
decussation in the latter structure, the tract continued backwards by the side of the 
infundibulum into the red nucleus below and external to the aqueduct in the plane 
of exit of the 3rd nerve. 


Diagram II. 

1. Cortical area for slowing and arrest. 

2. Olfactory limb of anterior commissnre. 

3. Anterior commissure. 

3(a). Fibres from the temporo-sphenoidal lobes. 

4. Infundibnlum. 

5. Fibres passing backwards, causing slowing and arrest. 

6. Red nucleus. 

7. Exit of 3rd nerves. 

8. Anterior fibres of pons. 

9. Junction of olfactory bulb and tract. 

10. Olfactory tract. 

11. Unoinate convolution. 

12. Uncus. 

13. Connection of uncus and outer part of crus behind optic tract, 

14. Optic tract and commencing optic radiation. 

15. Tract passing obliquely beneath crusta. 

16. The same, meeting the opposite one in the middle line at the anterior border of the pons. 

17. Cortical area for acceleration of rhythm. 

18. Tract external and ventral to internal capsule. 

19. Tract passing below the junction of the internal capsule and crusta, above the optic tract, to the 

tegmentum. 

20. Meeting of tract of either side in interpeduncular grey matter, at the level of and just behind the 

exit of the 3rd nerve, 

21., Cortioal areas for over-inspiratory tonus. 

22. Tract passing through the motor portion of the internal capsule dorsal to the optic tract. 

23. Tract running in the crusta. 



Acceleration. 
Over-inspiratory clonus. 
■ Over-inspiratory tonus. 


B. Increased Action. 

( 1 ) Acceleration, 

Commencing especially from a point on the convex surface of the cortex within the 
sensori-motor area, the effect may be followed back through the lenticular nucleus 
where it borders on the outer and ventral portion of the internal capsule; the strand 
runs at first externally and then ventrally to the motor portion of the internal 
capsule, and so reaches the tegmentum. The lines from tbe two sides meet in 
the inter-peduncular grey matter at the level of and just behind the plane of the 
3rd nerves, 
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' (2) Over-inspiratory Clonus. 

This effect was obtained from the junction of the olfactory bulb and tract, and on 
continuing to apply the stimulus backwards along the olfactory tract was traced into 
the uncinate convolution of the temporo-sphenoidal lobe. Followed to the uncus it 
passed behind the optic tract to the crus, and then pointing obliquely inwards ventrally 
to the crusta the effect on each side converged to the middle line at the upper border 
of the pons. 

(3) Over-inspimtoi^y Tonus. 

The descending motor tract yielded this result, so did the 5th nerve and dura 
mater, as well as the sciatic nerve after complete removal of the cerebrum at the level 
of the tentorium cerebelli. 

So far as the anatomical arrangement of the tracts above described is concerned, T 
may say that medullated fibres are to be seen in Dr. Tooth’s preparations of the cat’s 
and monkey’s brain, running in the same course as that indicated by faradic excitation 
of living sections. An exception to this statement occurs in the case of the over- 
inspiratory clonus, in which I have not made out the connection between the uncus 
and the pontine fibres lying ventral to the crusta. 

It is manifest that the respiratory alterations described above as capable of being 
induced by the faradic current are such as can be produced in the conscious state by 
volitional effort, and any explanation of the results described above must depend upon 
the acceptation or refusal of the general doctrine concerning the sensori-motor functions 
of the cortex, and that concerning the mechanism of the respiratory centre in the 
medulla. 

I sum up therefore, the contents of this paper, when I say that whilst the effect upon 
respiration of exciting the cerebrum in a non-ansesthetixed animal is probably a complex 
one, yet, by careful regulation of the anaesthetic state, four constant effects can be 
obtained upon respiration by stimulation of the cortex cerebri, and these can be traced 
down each in a course of its own from the cortex to the medulla oblongata. 


Description op Plates. 

PLATE 67. 

Photograph Ia. Under-surface of a Babbit’s Brain, the small ring mark-p the point 
slowing and arrest, the square that for inspiratory Tonus. 

6 Ib.—D orsal surface of a Babbit’s Brain, the cross marks the point for 
fetation. 
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0ft the Cerebrum in the monkey, dog, oat, and rabbit. 

Photograph. II., with diagram.*—Ventral and lateral surface of a Cat's Brain, the 
innor ring marks the centre, the outer the boundary of the area for slowing 
and arrest. 

Photograph III., with diagram*.—Ventral and lateral surface of a Dog’s Brain, the 
inner ring marks the centre, the outer the boundary of the area for slowing 
and arrest. 


PLATE 58. 

Photograph IV., with diagram.*—Ventral surface of a Monkey’s Brain, the inner 
ring marks the centre, the outer the boundary of the area for slowing and 
arrest 

tPhotographs V. to VIII.—Vertical transverse sections of Cat’s Brain. 


PLATE 59. 

Photographs IX. to XV.—Vertical transverse sections of Cat’s Brain. 


* On the Diagrams appended to Photographs II., III., and IV\, the Roman figures refer to the 
number of the tracings, and the dotted line from each number leads to the point of the hrain, by 
excitation of which the traoing so numbered was obtained. 

+ The following marks have been placed on Photographs Y. to XY., indicating the point on each 
half of the section by the stimulation of which was obtained:— 

(1.) Slowing and arrest .... Marked by a small ring. 

(2.) Acceleration ...... „ „ t cross. 

(3.) Over-inspiratory Olonus . . ,, „ square. 

(4.) Over-inspiratory Tonus... „ letter I. 
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RABBITS BRAIN. 
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RABBIT'S BRAIN 
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CATS BRAIN 
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